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INMOS is a member of the SGS-THOMSON Microelectronics group 


USE IN LIFE SUPPORT DEVICES FOR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS:THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON 
Microelectronics. As used herein: 


1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support 


intended for surgical implant into the body, or (b) support device or system whose failure to perform can reasona- 
or sustain life, and whose failure to perform, when pro- bly be expected to cause the failure of the life support 
perly used in accordance with instructions for use provi- device or system, or to affect its safety or effectiveness. 


ded with the product, can be reasonably expected to 
result in significant injury to the user. 
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INTRODUCTION 


The SGS-THOMSON Microelectronics Group SRAM Databook is a comprehensive collection 
of information on advanced, high density, high speed SRAM products for specific applications. 
SGS-THOMSON Microelectronics i is a major supplier of a wide range of semiconductor devices, 
and commands leading market positions in Intelligent Power, Power Transistors, and EPROM 
Memories. The recent acquisition of INMOS has strengthened SGS-THOMSON's portfolio. 
INMOS, based in the UK, manufactures very fast SRAMs, microprocessors called transputers, 
color graphics products, and digital signal processing devices. 


STATIC RAMs 


The SGS-THOMSON Group offer static RAM products which cover Standard SRAMs, Biport™ 
devices, Zeropower™ Timekeeper™ RAMs, and Cache Tag RAMs. 


* Standard SRAM memories with a device density range of 4K bits to 1024k bits and performance 
from 15ns to 200ns. Organizational flexibility (4K x 1, 1K x 4, 16K x 1, 4K x 4, 64K x 1, 16K x 4, 
8K x 8, 8K x 9, 256K x 1, 64K x 4, 32k x 8, 128k x 8) covers a vast range of applications, including 
large mainframes, high speed controllers, communications, graphics display and workstations. 


*BIPORT™ devices consist of a family of FIFO (First-In First-Out) buffers. These FIFOs provide 
an interface between digital information paths with widely varying speeds. Each information 
source can thus operate at its own intrinsic speed, while results are processed or distributed at 
speed from 25ns to 200ns. The Biport™FIFO family also includes single chip bidirectional FIFOs, 
and clocked FIFOs running at up 40 MHz 


* The Cache-Tag family consists of devices, like very fast SRAMs with on board comparators, 
called TAGRAMs. A TAGRAM™ jis that part of a cache subsystem that determines if data or 
instructions is retained in the cache memory (data cache). SGS-THOMSON offers various 
organizations x4, x8 and x20 and speed as fast as 12ns. 


* The Zeropower™ and Timekeeper™ RAM family combines the operating simplicity of conven- 
tional byte-wide SRAMs with the excellent data integrity of Zeropower™ technology. This integrity 
is achieved, thanks to the use of advanced CMOS technology and long-life lithium cells. With 
density from 2k x 8 to 32k x 8 and access/cycle from 55ns to 200ns, SGS-THOMSON covers 
the full range of non-volatile needs for all microprocessor based systems. Thanks to the 
combined features of Zeropower™ technology with an on chip real-time clock, Timekeeper™- 
RAM offer unparalleled non-volatile performances while maintaining standard pin-out. Applica- 
tions include RAM - clock/timer for communication, industrial systems, PCs, workstations. 


PRODUCTION 


There are two facilities which presently manufacture the SRAM product line, Newport (UK) and 
Carrollton (USA). The Newport facility is an 8000 square meter building with a3000 square meter 
clean room operating to Class 10 environment in the work areas. The facility operates a 4" wafer 
line and has the capacity to upgrade to a 6" sub micron capability. The Carrollton facility has a 
5000 square meter class 100 4" wafer line and a 700 square meter class 10 6" wafer line with 
sub-micron capability. Additional manufacturing capacity is available in Rousset, France where 
both a 4 and 5" line are in operation. 


Advanced manufacturing equipment is used in these facilities to produce high performance 
devices, some consisting of up to one million transistors. Wafer steppers, plasma etchers and 
ion implanters form the basis of fabrication. 

SGS-THOMSON Muar (Malaysia) is the main in-house assembly facility for SRAM. 


The in-house facilities used for final SRAM testing are located in Newport (UK), Colorado Springs 
. (USA), Toa Payoh (Singapore) and Muar (Malaysia). 
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INTRODUCTION 


MILITARY 


Many of our static RAMs are available in military versions processed in full compliance with 
MIL-STD-883C. Additionally, several JAN qualified devices are available for some of the product 
lines. 


We also supports the US Government Defense Electronics Supply Center (DESC) Standard 
Military Drawing (SMD) program and is an approved supplier of a range of the SMDs already 
established by DESC. 


FUTURE DEVELOPMENTS 


Research and Development 

The SGS-THOMSON Group has achieved technical success based on a position of leadership 
in products and process technology in conjunction with substantial R&D investment which, in 
1988, represented 20 percent of sales, well above the estimated worldwide average of 13 percent 
for the top 10 semiconductor manufacturers. 

Process Developments 

New process technologies are continuing to be developed for next generation products. Work 
is taking place now to scale present technologies while new sub micron CMOS technologies are 
being brought into production. 

Package Developments 

A wide selection of packages are available including plastic and ceramic DIP. Where surface 
mount technology is desirable, the package offerings include PLCC, LCC, SOIC, SOU, and 
Flat-pack. Refer to the individual datasheets for a listing of the packages available for a particular 
device. 
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QUALITY AND RELIABILITY 


INTRODUCTION 


The Quality and Reliability of a product depend on all the activities from the conception and 
design of a new product, through production and shipment, to the service given to the customers. 


It is well known that Reliability must be designed into the product and the process. To manufacture 
consistently reliable high quality products, S@S-THOMSON Microelectronics believes that it is © 
essential for everyone in the Group to appreciate the importance of maintaining and improving 
the levels of Quality and Reliability. 


SGS-THOMSON has adopted a Total Quality Control approach which means that everyone in 
the Group must work to improve Quality. 


With this approach problems can be solved at the stage where they arise, so that latent failures 
are not carried over to the next stage or to the finished product. Total Quality Contro! assures 
the conditions to avoid quality problems rather than simply eliminating defective finished 
products. 


The following information describes in a precis form the SGS-THOMSON approach to Quality 
and Reliability. The subject is comprehensively detailed in the SGS-THOMSON Quality and 
Reliability publication SURE 5. This program is also applied totally to INMOS products. 


QUALITY CULTURE 


It is the precise choice of SGS-THOMSON to win its customers’ trust via the establishment of a 
position of leadership for Service and Quality. The Group must therefore have a quality based 
culture. 


This culture can be seen in the behavior of every person within the Group and in the way each 
person interacts with his or her fellow worker to establish new and ever more demanding goals. 
It is sustained and nurtured through well defined policies, procedures, training and, of paramount 
importance, through examples from the very highest Group management levels. 


That quality is perceived as a company wide responsibility is no more obvious than in the field 
of training. An ongoing program called Total Quality Control, was begun in 1982 to improve all 
people and departments in the Group wherever the Group operates throughout the world. 


Total Quality Control takes the position that it is not enough to believe that things must be done, 
you must be able to do them. To this end it has as its primary objectives: 


* Promotion of the Total Quality Control concept 

* Training on statistical tools for people from all departments 

* The creation of technical work groups for specific quality improvement programs 
* The introduction of Quality Circles 


Fundamental to this program is the conviction that quality is not an option, it is an obligation and 
that everyone in the Group can, given suitable motivation and training, make a real contribution 
to overall improvements in quality levels. 


From the very highest management levels and involving designers, engineers, production, 
supervisors and line operators in addition to Quality and Reliability people, the Total Quality 
Control program is focused on: 


* Personal motivation 

* Quality in design 

* Reliability in design 

* Improved Statistical Process Control 
* Customer satisfaction 
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QUALITY AND RELIABILITY 


In addition quality circles have been set up within the Group. The first, in 1982, was in the Group’s 
Far East factories, with the first Quality Circle Convention being held in Singapore on January 
30th 1983. 


Recently SGS-THOMSON has begun a new company wide campaign - Quality and Service 
Culture for Excellence - based on the premise that basic quality ideas and methodology, if applied 
properly, will give: 

* Complete Customer satisfaction 

* Zero defect products 

* Minimum product costs 

These three basic ingredients for excellence will be complemented by a long term program to 
improve data processing networks and to reduce response times at all levels as well as the 
localization of everyone’s efforts on service, on quality and on process stability. 


Our ultimate goal is to supply the products requested by our customers with zero delinquency, 
zero defects and of course "just in time”. 


ORGANIZATION AND MANAGEMENT 


SGS-THOMSON is organized in product divisions, geographical sales areas (Regions) and 
Corporate departments. 


Quality and Reliability control activities are managed, performed and promoted by the Corporate 
Service and Quality group (which reports to the top management) and Quality and Reliability 
departments at division and plant levels. 


GENERAL 
MANAGEMENT 
CORPORATE SERVICE 
PRODUCT - GEOGRAPHICAL 
AND QUALITY BACK END 
| | 
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DIVISION 
PLANT * PLANT 
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RELIABILITY MANAGEMENT MANAG EMENT 


se eset ene pele hee, 
Sete ee tet ae Se ee ee ee —-e -—————4 | 
‘P 


PLANT QUALITY LANT QUALITY 
& RELIABILITY & RELIABILITY 


Part of Corporate Service and Quality group is the Central Reliability and Quality Control 
department. This organization makes it possible for SGS-THOMSON to handle Quality and 
Reliability for an extensive product range both effectively and efficiently. 
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| 
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| 
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_ 


ky7, BBoeucomones 


QUALITY AND RELIABILITY 


Education and training programs in the field of Excellence and Quality are managed by the 
Corporate Service and Quality organization in cooperation with Human Resources department. 


At every production location there is an incoming inspection department with the job of assuring 
the quality of purchased materials. 

Division Q&R departments evaluate the reliability of new processes and new products, before 
they go into volume production. 


They require and coordinate corrective actions necessary to improve Q&R of products and 
processes; these improvements are planned in quality budgets. 

They perform and collect reliability results and issue reliability reports for their products. 
Division Q&R departments interface directly with customers from design phase to approval of 
customers’ product specifications. 

In the past, successful in-house customer qualification, testing and joint qualification programs 
with customers has been achieved. SGS-THOMSON remains committed to these joint custo- 
mer/vendor programs. 


Plant Q&R departments perform all Quality and Reliability inspections and controls relevant to 
production done in their plants such as: incoming inspection, in process control, outgoing 
inspection, reliability testing and failure analysis. 


QUALITY BY DESIGN 


Since the Quality and Reliability of semiconductor devices depend to a large extent on the basic 
structure, SGS-THOMSON pays careful attention to Q&R studies at the design stage, paying 
deep attention to user’s reliability requirements and operating conditions. Quality and Reliability 
checkpoints for materials, process and device structure are considered from the design phase 
on. 


One of the key steps in the Design Review which consists of a study of design documents, the 
definition of reliability test methods to check on the compatibility of processes with design goals 
and conditions of use, and review of failure mechanism history in similar products. 


In addition, qualification procedures are used mainly to ascertain the main characteristics of new 
processes/products (or to evaluate process/product changes) and to guarantee the availability 
of a characterization and the complete set of specifications for introduction to SGS-THOMSON 
manufacturing. Qualification should demonstrate capability to meet customer requirements. 


QUALITY AUDITING 


SGS-THOMSON performs quality audits to verify that products, processes, programs and the 
Quality and Reliability organizations are still in accordance with the written procedures and 
specifications. 

A quality audit does not replace the normal quality monitors or acceptance but helps to ensure 
that everything is being done as it should be and to anticipate quality problems. 
SGS-THOMSON factories are familiar with internal and external audits. 


THE SPECIFICATION SYSTEM 


Quality and Reliability are measurable features. But, for measurements to have any meaning, 
they must be carried out in accordance with strict procedures and methods. Similarly production 
processes must be managed in a repeatable way. This means that detailed instructions and 
descriptions of every process step must be prepared and kept updated. 


This information is formalized in the Group’s specifications that cover all the procedures and 
process instructions. This the Specification System documents all the various manufacturing 
processes and encompasses the SGS-THOMSON technical know-how. 
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QUALITY AND RELIABILITY 


The Specification System consists of a series of documents properly organized by subject and 
content. The system is managed and administered by Document Control at Divisional Specifi- 
cation Centres for efficiently issuing, updating, approving and distributing specifications to all 
the relevant departments. Special text processing software is used to ensure rapid updating and 
distribution of specification documents. The Specification Centres guarantee homogeneity in 
specifications, record changes histories and issues general specification procedures. 


A very strict Group procedure governs the engineering changes (issue, approval and modifica- 
tions). 


RELIABILITY ASSURANCE 


Reliability testing is an ongoing process adopted to identify and then improve reliability perfor- 
mance. 

Accelerated tests, such as extended temperature operating life, THB and temperature cycling, 
are important tools for evaluating long-term reliability and stability of process and product 
parameters. 
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QUALITY AND RELIABILITY 


SGS-THOMSON also performs rigorous tests throughout production to ensure that production 
devices have the properly designed reliability. 
Reliability tests are conducted in two stages: 


first we test our engineering samples during design and development stages to see if their Q&R 
corresponds to that called for in the design. Reliability testing is usually performed on a small 
sample but for long periods or under very accelerated conditions to investigate wear out failures 
and to determine tolerances and limits of design. For these tests it is also possible to use the 
step-stress procedure (eg ESD resistance evaluation); 

the second type of test is performed periodically during production to check, maintain and 
improve the assured Quality and Reliability levels. 


The reliability tests involve both environmental and endurance examination and are performed 
under conditions more severe than those met in the field. These conditions are chosen to 
accelerate the occurrence of failures that would appear in actual operation, and care is taken to 
ensure that the failure modes and mechanisms are unchanged. The data from reliability tests 
provide an objective tool for product performance evaluation under a wide range of conditions. 


When a failure occurs, the SGS-THOMSON engineers conduct an in-depth analysis of the failure 
mechanism/mode to apply immediate suitable corrective actions. 

Reliability testing activity during recent years has been extended to all SGS-THOMSON factories 
with new and advanced equipment enabling all the plants to perform all the main tests. 
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MILITARY QUALIFICATION 


MILITARY PRODUCT PROGRAM 


A Military Product Program has been developed to meet the increasingly demanding require- 
ments for Class B memory product in accordance with paragraph 1.2.1 of MIL-STD-883 
"Provisions for the use of MIL-STD-883 in conjunction with non-JAN devices". 


Our MIL-STD-883 Class B product is screened to the specifications of Method 5004 with 
electrical testing executed over the military temperature range -55 C to + 125 C. 


Each inspection lot is subjected to the requirements of method 5004 Group A Electrical sampling 
and Group B Mechanical and Environmental sample testing. Additionally, all new product and 
changes to product as defined in MIL-M-38510 paragraph 3.4.2 (major changes) is qualified per 
method 5005 Group C 

(Die related) and Group D (Package related tests). Periodic Conformance Testing is carried out 
per the requirements of MIL-STD-883 paragraph 1.2.1 for all relevant die families and package 
types. 


Full details of our military processing are included in a "General Military Processing Specifica- 
tion", which may be obtained upon request. 


Suitability for use in specific applications should be determined by using the guidelines of 
MIL-STD-454. 


By specifying one of our military products, the user is assured of a product which has been 
subjected to the full Screening and Quality Conformance requirements of paragraph 1.2.1 of 
MIL-STD-883 in addition to the full range of in-house process, test and quality control functions 
designed to enhance the quality and reliability of all products. 


STANDARD MILITARY DRAWING PROGRAM 


The in-house Standard Military Drawing (SMD) program was introduced in 1986 to supply 
military and governmental products. The SMD Program was implemented by the US Govern- 
ment and its associated subcontractors to provide the industry with a single SMD for each military 
IC requirement. These SMDs are intended to replace the multiplicity of Source Contro!] Drawings 
(SCDs) generated by each contractor. Components specified according to the SMD Program 
are standard military MIL-STD-883 compliant devices. 


SGS-THOMSON and other IC manufacturers, initiate the development of SMDs in conjunction 
with military contractors who have significant demand for the particular device. Together they 
initiate an SMD proposal which the Defense Electronics Supply Center (DESC) screens and 
approves. Accepted SMDs are then circulated by DESC to industry vendors and consumers to 
obtain multiple sources and registered users. 


The SGS-THOMSON Group fully supports the Standard Military Drawing Program and the 
DESC efforts to expand its usage. 


Refer to the cross reference information which lists each approved product by its SMD number 
and the corresponding part number 
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ALPHANUMERICAL INDEX 


(unless otherwise specified all Static RAMs listed are produced in CMOS technology) 


"Pari Number Page Number 


IMS1203 4Kx1 SRAM «1. ee ee ee eee 
IMS1203M 4Kxi ~~ ~=~=— «| Miltary SRAM... 2... ee eee 
IMS1223 1Kx4 SRAM ..a o-8 Sarecs be oe Wee oe 
IMS1223M 1Kx4 Military SRAM ............. 
IMS1400M 16Kx1 eee Military SRAM ......... 
IMS1403 16Kx1 SAI ce 53.09% wicks cw Oe See Pee 
IMS1403M/LM 16Kx1 Miltary SRAM ............. 
IMS1420M 4Kx4 Miltary SRAM ............. 
IMS1423 4Kx4 SORRAIVY Be ge terse) Wi si det ah acre: oh ok de de 
IMS1423M 4Kx4 Military SRAM ............. 
IMS1600/1601L 64Kx1 SOPRA a. ode 56 fat hr hy alten Os i we ee Se 6 
IMS1600M/1601LM | 64Kx1 ilitaryy SRAM ............. 
IMS1620 16Kx4 SRAM: 26 & ove, ws we: Bhd Soe anced & SIS 
IMS1620M/LM 16Kx4 Military SRAM ............. 
IMS1624 16Kx4 SRAMwithOE ............. 
IMS1624M/LM 16Kx4 Military SRAMwithOE ........ 
IMS1630L 8Kx8 SRAM withOE ............-. 
IMS1630M/LM 8Kx8 Military SRAM ............. 
IMS16X5 (64K) Very High Speed Family SRAM . . 
IMS16X5M (64K) Very High Speed Family Military SRAM 
IMS1800 256Kx1 SRAM 2-3 5 @' a Bose a koa Sa Ae 
IMS71800M 256Kx1 Miltary SRAM ............. 
IMS1820 64Kx4 SRAM . 2... ee ee ee eee 
IMS1820M 64Kx4 ~~ *+| Military SRAM ............. 
MK41H66/H67 16Kx1 DAI: aig ed bo ees Gee ee 
MK41H68/69 4Kx4 SRAM 2 dk BR e eoer a: ae ee 
MK41H78/79 4Kx4 SRAM with OE and flash clear 
MK41H80 4Kx4 Cache Tag 2: 4-4. ane & Vike dacs Ste BS, 
MK41 S80 4Kx4 Very high speed Cache Tag ...... 
MK4202 2Kx20 M@Tad) 2 a eeuca ba er a8 ee Bem S 
MK44S80 16KX4 0 i CNC TAGS eee ce. ete ws ee Rw an’ 
MK4501 BI2K9° ROC sch oe ee, wh hee Se 
MK4503 2048x9 PIROe ce 2. cae td a, Ba eds BAR eink 
MK4505 1024x5 Clocked FIFO: 2 a-t.i.% 6. 2d wees 
MK45264/265 64x5X2 BIRO? 2) osu 3 ae eg, Soe wi Be ee eee 
MK45H01/02/03 512x9/1024x9/2048X9 | High speed FIFOs ........... 
MK45H04/08 4Kx9/8Kx9 High epee PIEOS: bux 4 fed eo Bees 
MK48127/28 128Kx8 SRAM: cas. $ eae cow cae se ee 
MK4832 S2KX60. SRAM ee ee eas, we Bah eee 
MK48C02 2Kx8 ithout battery ....... 
MK48H64 8Kx8 SRAM (ie 9S ce te ees ee ae Ze 
MK48H89 SKX9..  -  6«sSRAM: ca ceweseabed cadena 
MK48H98/99 8Kx8/9 SRAM with parity ........... 
MK48S74/75 8Kx8 Cache Tag. is aes Bea tee a we 
MK48S80 8Kx8 Very high speed Cache Tag ...... 
MK48T02/12 2Kx8 Timekeeper .........5208-5 
MK48T08/18 8Kx8 TIMEKCCDE!. va or Gee eS ee we Boas 
MK48T85Q Address/data multiplexed real-time clock 
MK48T87/87A/B Address/data multiplexed real-time clock 
MK48T87B Address/data multiplexed real-time clock 
MK48Z02/12 |2Kx8 = ~~~ | Zeropower .........2220- 
MK48Z08/09/18/19 |8Kx8 = + ~~ ~—~*| Zeropower .... 2... 2. eee eee 
MK48Z30/Z30A Zeropower ..... 2+ eee ee eee 
MK482Z32/Z32A ZETODOWER > sa ecek wer ee Ae ee 
MK61716/MKI6116 PUAN 2 ca wm te og eee en es Aa at 
MKI48Z02/12 Zeropower Industrial temp.range 
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PRODUCT GUIDE 
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SELECTION GUIDE 


ZEROPOWERS 


ICCma 
ORGANISATION| PART |__iccma TEMP 
DESCRIPTION | NUMBER ACTIVE] TTL |cmMos| VCC RANGE | PACKAGE 
mA@ns| STBY | STBY 
-2kxs _—s|MKa8zo2 ‘| 120,150,200,250/ 90 | 3 | 1. [5V+10-5%| Oto+70°C [PDIP 24 
— 2KX8 : : 
ULCERTIFIED  |MK48202BU] 120, 150, 200, 250 po} a fa) BV +10-5%| Oto+70°C |P DIP 24 
—2K 8 MK4sz12 | 120,150,200,250/ 90 | 3 | 1. |5vV+10-10%| Oto+70°C [PDIP 24 
— 2KX8 ; , 
—2kx8 _—«s|MKI48z02_| 120, 150,200,250 90 | 3 | 1. |5V+10-5%|-40to+85°C|P DIP 24 
— 2KX8 ° : 
ULCERTIFIED — |MKl48Z02BU] 120, 150, 200, 250 |} oo | 3 | a | BV + 10-5% | - 40 to + 85°C|P DIP 24 
—2kx8 —s[MKI48z12_| 120,150,200,2501 90 | 3 | 1. |5V+10-10%| -40to+85°C|P DIP 24 
— 2KX8 : : 
ULCERTIFIED — |MKI48z12BU] 120, 150, 200, 250 Po] a | 1 | BV +10- 10%! - 40 to + 85°C| P DIP 24 
— 2KX8 : ; 
— 2KX8 ; é 
Geoeatirien —|MK48z08 0 200 5V+10- 10% Oto+70°C |P DIP 28 
CeocaTiFIED |MK48z08BU s0/8 125@70, 3 3 |5V+10-10%! Oto+70°C |P DIP 28 
100, 150,200 | 80@100 
~ BKX8 MK48Z18 =e IO) 5V+10-10%| Oto+70°C |P DIP 28 
100, 150,200 | 80@100 
— 8KX8 125@70 
MK48Z18BU 3 |5V+10-10%| Oto+70°C |P DIP 28 
UL-CERTIFIED 100, 150,200 | 80@100 | 04700 


55,70 
100, 150, 200 


3  |5V+10-10% 


Oto+70°C |P DIP 28 
Oto+70°C |P DIP 28 


sail BV + 10- 10% 


UL-CERTIFIED 
PWR FAIL INT 


100, 150, 200 


= | & 

218 

oO rm) 
\<e) ite) co 

Ww 

Cc 


| 55,70 _—| 125@70 
| 100, 150,200 | s0@100 
| 100, 150, 200 | 80@100 
ve (HAE a ere ne ee 
PWR FAIL INT 100,150,200 | s0@100 
— BKX8 
UL-CERTIFIED |MK48Z19BU 55,70 125@70 BV+10-10%! Oto+70°C |P DIP 28 
PWR FAIL INT 100, 150,200 | s0@100 
eee MK48Z30 100, 120, 150 V410-5% | Oto+70°C |P DIP 28 
10 YEARS -25°C 
— 32KX8 ; 
MK48Z30A | 100, 120, 150 2 |5V+10-5% | Oto+70°C |P DIP 28 
10 YEARS -25°C 
— 32KX8 : 
MK48732 100, 120, 150 5V+10-5% | Oto+70°C |P DIP 28 
10 YEARS -70°C 
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SELECTION GUIDE 


TIMEKEEPERS 


ORGANISATION 
DESCRIPTION 


ICCma 
PART TEMP 
NUMBER ACTIVE] TTL | cmos; VCC RANGE | PACKAGE 
mA@ns| STBY | STBY 


MK48T02 | 120, 150, 200, 250 BV +10-5%| Oto +70°C |P DIP 24 


—2KX8 ; 
UL-CERTIFIED MK48T02BU| 120, 150, 200, 250 | ao | 5 | 5V +10-5%!| Oto + 70°C |P DIP 24 


— 2KX8 MK48T12 120, 150, 200, 250 5V +10-10%| Oto + 70°C |P DIP 24 


— 2KX8 : 
UL-CERTIFIED MK48T12BU} = 150, 200, 250 5V +10 10%| 0104706 P DIP 24 


— 2KX8 MKI48T02 | 120, 150, 200, 250 BV +10 -5% P DIP 24 


— 2KX8 ; 
UL-CERTIFIED MKI48T02BU | 120, 150, 200, 250 5V + 10-10% P DIP 24 


— 8KX8 MK48T08 100, 150, 200 5V+10-5% | Oto +70°C |P DIP 24 
—8KX8 MK48T18 100, 150, 200 


—PC 


5V +10- : 
5V +10-10%) Oto+70°C |PLCC 28 


N 


A 
NA 


W/O BATTERY 


f SGS-THOMSO 
s/f Freie 
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SELECTION GUIDE 


icCma 

ORGANISATION | PART TEMP 

DESCRIPTION | NUMBER TIL | CmMos vcc RANGE PACKAGE 
STBY | STB 


CACHETAG MEMORIES 


0 BV+10-10%| Oto+70°C |PDIP22 


Y 
12 
an |P DIP 22 
MK41S80 12,15 NA | 5V+10-10%] 010+70°C | eo io 


mK4z02_—|_—_—20,22,05 | 250 | 50 | NA |5V+10-10%| Oto+70°C |PLCCes 
1 faim once a 


a gel e Isl 
2 |§ S| g SIS 
</3°/8 8) 8 8 
oO 
O 
a 
g, 
i 
S 
oo 
a 
ms 
cS 
no : 
on 
Be 
> | P 
lz 


FIFO’s 


iCCma 
pron [BER] o |e | m fovwanl owrme fe 
bwasror_| 2505008 tz] 20 | tz | na [ovetoston| om70e legos 
easice | asoene5 ta zo | tz | na [sveto-tor) ows mites 
SR | ow |e | m [ovnen ome ote 
12 
| 120 | 
| 100 


65, 80, 100, 120 
— 2KX9 MK4503 450 & 200 


es [meee | 


iyi] tr J t Jt 
co ;h; ho => |a |g 
8|8| 8 2/2] 8 
oOo | © 
Ty a1) 7 1 
H\a| mh |} 
Aa/4} 4 ie 


MK45HO08 - 

| NA | NA [5V+10-10%| Oto+70°C |PDIP24 | 
mK45264 | 55,70 | 60 | NA | NA |5V+10-10%| Oto+70°C |PDIP24 
BIDIRECTIONAL |MK45265 | 55,70 =| 60 | NA | NA |5V+10-10%| Oto+70°C 


Zz 
> 


120 
120 
120 
120 

MK45H04 | 25, 35,50,65,1201 120 : 
120 BV +10-10%| Oto +70°C |P DIP 28 
100 
10 


= 


Wie | 
14 3 
Ol (ce) 
s|t 2 
Rx 
es 

<= 
a 
< = 
AR 
o1 ol 
oO ©& 
o Oo 
Os 


(1) 600 mil and 300 mil PDIP. 


Ayy Sitzouzomones 
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O¢ 


Iky 


SOINOULIATIOUDINI 
NOSIMOHL-S)9S 


STATIC RAM 


a 


f 


AGINS NOILOATAS 


TEMP RANGE PACKAGE 


hod 
LBS | 
zB sn |PDIP 24 


: sn |PDIP 24 
1 BV+10-10% | 0°CI0+70°C Jeo og 


: snlP DIP 24 

1 BV + 10-10% | -40°Cto+ 105°C} 610 5g 

—2KX8 : on \P DIP 24 

one MKI6116L 150, 200, 250 = Es 0.01 1 BV + 10-10% | —40°Cto+105°C| cia on 
0 
1 


oV + 10-10% 0°Cto+70°C |P DIP 20 
IMS1423 25, 35, 45,55 | 105@25 100@35 15 0.0 


-4KX4FASTCS  |MK4iHeo | 20,2535 | 120, || 
=4KX40E IMK4IH78 | 20,2535 | 120 | 10. : 


ae 
D |o 
o> 
oats 
va bas 
“TI 
& 
—| 
=i 
=z 
QR 
alo 
215 
rep) 
no 
Ding 
co | 
O1 Ino 
po 
wo 
en [CT 
on 
—_h 
, 
a or 5 


| 
3 
cm 
= 
Ee 
hk, 
rc 
oO 
(ee) 
ine) 
\O 
Ae) 
1 
ww 
Nh 
© 


i : sn |P DIP/LCC 20 
BV+10-10% | O°Ct070° |eoyo, 


5V + 10-10% 0°Cto+70°C |PDIP 20 
SV + 10-10% 0°Cto+70°C |P DIP 22 
5V + 10-10% 0°Cto+70°C |PDIP 22 


wn eon re foe 
350 | 5V+ 10-10% 


0 
5 J sn |P DIP/SOJ 28 
350 | 5V+10-10% | O°Cto+70°C | Gong 
350 


SV + 10-10% 0°Cto+70°C |PDIP/SOIC 28 


— 
fo) 


10 


| 
D 
Bb 
a 
x< 
oh, 
F 
op) 
ok 
re) 
ro) 
—, 
a) 
Gi 
on 
oO 


rouse | ann [rosaries] = | 
roses | sme | om | a | 

»W, 5 17 
— 16KX40E Sep I/O |IMS1626/7 15, 20, 25 100 | 28 


—8KX8 OE IMS1630L 45,55,70,100,120/ 90 #2| 20 | 140 


5 
0 

25 7 
1 0 0 


35 


Oo 
= 
) 


—_ 


by 


SOIMOWLITTIOUDIN 
NOSINOHL-S5S 


Le 


STATIC RAM (Continued) 


ICC ma 
TIL | cmos vcc TEMP RANGE 
MBE 
niall | ntti, | sree ACTIVE@ns | stay | STBY 
~ 8KX8 OE MK48H64 70,120 | 100@7090@120 | 5s | s00 | 500 | BV+10-10% | O°Cto+70°C Jann 
~ 8KX8 OE MK4sHe4L 70,120 | 100@7090@120 | os | 005 | 25 | BV +10-10% | 0°Cto+70°C oe os 


~ 8KX8 OE IMS1635 15, 20, 25 BV + 10-10% | 0°Cto+70°C |PDIP 28 
~ 8KX9 OE MK48H89 90, 25, 35 5V +10-10% | 0°Cto+70°C |PDIP 28 


2 
2 
25 


100 
~ 8KX8\9 PARITY MK48H98\99 90,30,40 | 120 &2| 2 | 1 5V + 10-10% °C to+70°C |PDIP 28 


: 0 
~ 256KX1 IMS1800 25, 30, 35, 45 30 15 BV + 10-10% | 0°Cto+70°C es aA 
IMS1820 25, 30, 35, 45 { BV +10-10% | 0°Cto+70°C boa os 


. 
ae 

—32KX8 OE MK4832 70, 120 5V+10-10% | 0°Cto+70°C |PDIP 28 
0 ; 


— 32KX8 OE MK4832L 70, 120 5V + 10-10% °Cto+70°C |PDIP 28 


~ 128KX8 (1)IMK48127 55, 70, 85 BV+10-10% | O°Ct0+70°C [Roya 
Gia EAmBLES | MKasi28 55, 70, 85 BV+10-10% | O°Cto+70°C [ore 


(1) Product preview. 
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iy 
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MILITARY PRODUCTS 


ORGANISATION PART ctive current | ICC max ICC 
10 
1 
3 


aa 
—4KXi_ SS IMS1203M_— | 25,35,45 |B0mA tS mA |tomA | | 510% | ~85t0125 | DIP,F-PACK _ 
-1Kx4 SS fMSt22aMm_— | 25,35,45 [110mA_ tS mA [toma | | 510% | -55to125 |DIP,F-PACK _| 
—16KX1 iMS1400Mm_— | 45,55, 70 |120mA_ ss |30mA |i) | S| 510% | - 5510125 [DIP,LCC 
—16KXi_ IMS 1403M_— | 95,45,55 |75mA 1S MA |1OmA | 

—16KX1_ MK B41HG7 | 25,35,45 |115mA 10 mA 0.05mA| | 510% | 5510125 |DIP20 
—2Kxe ss (MKBGI16 | 150,200,250 |70mA_ 10 mA lotmA | | 510% | -55t0125 |DIP24 


—512X9 (FIFO) |MKB4501 apr a oom’ = ama fogma | 5+10% -§5t0125 |pIP 24 


—4Kx4_iiMSi420m_— | 55,70 —*[120mA Ss 30mA fs) S| | 510% =| 5510125 |DIP,LCC 
—64kx1_ Ss fIMS1600M_— | 45,55,70 |70mA Ss [25mA |19mA | | 510% | -55t0125 |DIP,LCC 
-16KX4_ SS fIMS1620M_— | 45,55,70 |100mA_ ss 30mA_[20mA_ | | 510% | -55t0125 |DIP,LCC | 
-16Kx4 IMS 1624M (1) | 45,55,70 |100mA_ Ss [30mA_|20mA | | 510% | - 5510125 |DIP,LCC 


-64kxi_ sMSte05M_— | 0,595 | | 10% | - 550125 |DIP,LCC 
-16Kx4_fMSte25M | 0, 95,95 | | 510% | 5510125 |DIP,LCC 
—16kx4_ fMSt620M__(1)_—| 20,2595 | | 10% | 5510125 |DIP,LCC i 
-16Kx4_fMSt626M (1,2) | 20,2595 | | | | 10% | 5510125 |DIP,LCC 
-16Kx4_ [MS 1627M (1,2) | 20,2595 | | | 10% | = 55t0125 |DIP,LCC 
1 ee ne ee 
eee ates (iteoees ees 
[Seamer aes emia ete ESR 
ee ieee et es 


(1) Output Enable 


5+10% -—55to125  |DIP,LCC 
5+10% —55to125  |DIP,LCC 


(2) Separate I/O 
Stdby 1 : Stable Input, TTL Levels 


Stdby 2 : Cycling Input, CMOS Levels 


AGINS NOILOATSS 


SGS-THOMSON 
Group 


IMS1203 
IMS1223 
IMS71403 
IMS1423 or MK41H68 
MK6116 
IMS1423 or MK41H68 
MK48H64 
MK48H89 
MK4501/HO1 
MK45H02 
MK4503/H03 


AM2147 
AM2148/9 
AM2167 
AM2168 
AM9126 
AM99C68 
AM99C88 
AM99C89 
AM67C4501 
AM67C4502 
AM67C4503 


SGS-THOMSON 
Group 


IMS1203 
IMS1223 
IMS1203 
IMS1223 


CYPRESS 


IMS1403 or MK41H67 
MK41H68 
MK4501/HO1 
MK4503/H03 


« 


CROSS REFERENCE 


SGS-THOMSON 
Group 


DALLAS 
Semiconductor 


DS2009 
DS2010 
DS2011 
DS2012 
DS1210 
DS1225 
DS1243 
DS1287 
DS1235 
DS1230 


SGS-THOMSON 
FUJITSU Group 
MB81C67 IMS1403 orMK41H67 


MB81C68 
MB81C71 
MB81C74 
MB81C75 
MB81C78 


SGS-THOMSON 
Group 


IMS1203 
IMS1223 


IMS1423 or MK41H68 


kyz, 353 THOMSON 
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CROSS REFERENCE 


SGS-THOMSON 
HITACHI Group 


— 


HY6264 MK48H64 


Seen 
IMS1403 or MK41H67 
IMS1423 or MK41H68 
S60 
MK4501/HO1 
MK4502/H02 
MK4503/H03 
MK41H80 or MK41S80 


MICRON 
Technology 


MT5C1601 
MT5C 1604 
MT5C6401 
MT5C6404 
MT5C6405 


MITSUBISHI 


M5M21C67P 
M5M21C68P 


M5M5165P 
M5M5187P 
M5M5188P 
M5M5178P 
M5M5256 


MOTOROLA 


MCM1423 
MCM6064 
MCM6164L 
MCM6168 
MCM6264 
MCM6268 


MCM6268 
MCM6269 
MCM6287 
MCM6287 
MCM6288 
MCM6290 
MCM4180 


kyz, 3GS-THOMSON 
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SGS-THOMSON 
Group 


SGS-THOMSON 
Group 


IMS71403 
IMS1423 or MK41H68 
IMS1630 or MK48H64 

IMS1600 

IMS1620 

IMS1630 

MK4832 


SGS-THOMSON 
Group 


IMSZ1420 or MH41H66 
MK48H64 
IMS1630 L 

IMS1420L or MH41H68 
MK48H98 
MK41H68 

IMS1423 or MK41H68 
IMS1421 
IMS1601L 
IMS1600 
IMS1620 
IMS1624 
MK41H80 or MK41S80 


SGS-THOMSON 
Group 


IMS1203 


uPD2147 
uPD4311 


uPD21467 


uPD4364 
uPD43256 


MSM5165 MK48H64 
MSM5188 MK4832 


MK4832 


SGS-THOMSON 


SGS-THOMSON 
Group 


SARRATOGA 


SSL7201 MK4501/H01 
SSL7203 MK4503/H03 


SSM6170 MK41H78 


CROSS REFERENCE 


SGS-THOMSON 


SONY Group 


SGS-THOMSON 


TOSHIBA Group 


SGS-THOMSON 


UM4501 MK4501 
UM4502 MK4502 
UM6116 MK6116 


Lyf, SBolinensones 
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CROSS REFERENCE 


SGS-THOMSON 
VITELIC Group 


V61C67 IMS1403 or MK41H67 
V61C68 IMS1423 or MK41H68 


—— 


V62C16 MK6116 
V62C64 MK48H64 


V62C256 MK4832 


Lyf, BPousomones 
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STANDARD MILITARY DRAWING REFERENCE 


[sone [nfs 
Part Number 
5962-8751301VC 
5962-8751301XC 
5962-8751302VC 
5962-8751302XC 


5962-8751303VC 

5962-8751303XC 
SMD1223S-25M 
SMD1223A-25M 
SMD1223S-35M 


SMD1223A-35M 
SMD1223S-45M 

5962-8751306XC SMD1223A-45M 
SMD1403S-45M 
SMD1403N-45M 
SMD1403S-35M 
SMD1403N-35M 
SMD1403S-55M 
SMD1403N-55M 
SMD1423S-35M 


SMD1423N-35M 
SMD1423Y-35M 
SMD1423S-45M 
SMD1423N-45M 


5962-8670513Z2C SMD1423Y-45M 
5962-8670514RC 
5962-8670514XA 


SMD1423S-55M 
SMD1423N-55M 
SMD1423Y-55M 
SMD1423S-70M 
SMD1423N-70M 
SMD1423Y-70M 


CROSS REFERENCE 
INMOS 


64K X 1 (IMS1600:IMS1601L) 
5962-8601503XC SMD1600S-45M 
5962-8601503ZA SMD1600N-45M 
5962-8601504XC SMD1601S-45LM 
5962-8601504ZA SMD1601N-45LM 
5962-8601505XC SMD1600S-55M 
5962-8601505ZA SMD1600N-55M 
5962-8601506XC SMD1601S-55LM 
5962-8601506ZA SMD1601N-55LM 
5962-8601507XC SMD1600S-70M 
5962-8601507ZA SMD1600N-70M 
5962-8601508XC SMD1601S-70LM 
5962-8601508ZA SMD1601N-70LM 

16K X 4 (IMS1624) 
5962-8685911LC SMD1624S-70LM 
5962-8685911XA SMD1624N-70LM 
5962-8685912LC SMD1624S-70M 
5962-8685912XA SMD1624N-70M 
5962-8685913LC SMD1624S-55LM 
5962-8685913XA SMD1624N-55LM 
5962-8685914LC SMD1624S-55M 
5962-8685914XA SMD1624N-55M 
5962-8685915LC SMD1624S-45LM 
5962-8685915XA SMD1624N-45LM 
5962-8685916LC SMD1624S-45M 
5962-8685916XA SMD1624N-45M 
8K X 8 (IMS1630) 

5962-8552504XC SMD1630S-70M 
5962-8552504YA SMD1630N-70M 
5962-8552505XC SMD1630S-55M 
5962-8552505YA SMD1630N-55M 
5962-8552510XC SMD1630S-55LM 
5962-8552510YA SMD1630N-55LM 
5962-8552511XC SMD1630S-70LM 
5962-8552511YA SMD1630N-70LM 


AI, BBctteomones 
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COMMERCIAL SRAMs 


mmos: 


FEATURES 


¢ INMOS' Very High Speed CMOS 


¢ Advanced Process - 1.6 Micron Design Rules 


¢ 4K x 1 Bit Organization 
¢ 25, 35, and 45 nsec Access Times 


¢ 25, 35, and 45 nsec Chip Enable Access Times 


¢ Fully TTL Compatible 

¢ Separate Data Input and Output 
¢ Three-state Output 

* 18 Pin, 300-mil DIP 

* Single +5V + 10% Operation 

¢ Power Down Function 


PIN CONFIGURATION LOGIC SYMBOL 


D DATA INPUT 
CHIP ENABLE 


DATA OUTPUT 


November 1989 


Ay-Ay, ADDRESS INPUTS Vcc POWER 


IMS1203 

CMOS 

High Performance 
4K x 1 Static RAM 


DESCRIPTION 


The INMOS IMS1203 is a high performance 4Kx1 
CMOS static RAM. The IMS1203 allows speed enhance- 
ments to existing 4Kx1 applications with the additional 
benefit of reduced power consumption. 

The IMS1203 features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1203 pro- 
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1203M is a MIL-STD-883 version intended for 
military applications. 


BLOCK DIAGRAM 


MEMORY ARRAY 
32 ROWS 
128 COLUMNS 


COLUMN VO CIRCUITS Q 


COLUMN SELECT 
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IMS1203 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vsg........ —2.0 to 7.0V *Stresses greater than those listed under Absolute Maximum Ratings 
a : may Cause permanent damage to the device This !s a stress rating only 
Voltage on Q....... en ee 1.0 to (Vee = 0.5V) and functional operation of ihe device at these or any other conditions 
Temperature Under BlaSss4 wasees i ~$5°C to 125°C above noe deae Ta ane ceeranGns! sectors of as spe aren : 
= notimplied Exposure to absolute maximum rating conditions for extende 
= ipacratpah Gitiag LEY Bs eevit atae GR ors 65°C to baste periods may affect reliability 


DE Outout COME sive n0h4osedeseutan axe 25mA 


(One Second Duration) 


DC OPERATING CONDITIONS 


sywpou| PARAMETER | MIN| TYP 
[Ves | Suppyvotage fof | 
LV | inputLogic"t"Vvotage | 20] 
is 
= 


s[v[ 
<n | 
oo 


Input Logic “0” Voltage 


Ambient Operating Temperature ae 


0.8 | All inputs 
°C | 400 linear ft/min air flow 


"VIL Min = -3.0V for pulse width <20ns, note b. 
DC ELECTRICAL CHARACTERISTICS (0°C < T, < 70°C) (Voc = 5.0V + 10%)? 


SYMBOL PARAMETER | MAX| UNITS NOTES 
Average Vcc Power Supply Current 80] mA_ tavav = tavay (min) 


lece Vec Power Supply Current (Standby, E>Viq 
Stable TTL Input Levels) All other inputs Viy 
< Vi or = Vin 
locg Vec Power Supply Current (Standby, 
Stable CMOS Input Levels) 
loc, Vec Power Supply Current (Standby, 
Cycling CMOS Input Levels) 
<0.2Vor=> 
(Vec —0.2V) 


E>(Voc —0.2V) 

All other inputs at Vix 
Input Leakage Current (Any Input) a pA Voc = max 

Vin = Vsg to Vec 
Off State Output Leakage Current +5 yA Vec = Max 

Vin = Vsg tO Veco 


<0.2Vore= 
(Voc —0.2V) 

Output Logic 1” Voltage 24] | Vv | tor =-4ma 

Output Logic “0” Voltage Pe Poa: ae. | lour = 12mA 


E>(Vcc —0.2V) 
Note a Icc !s dependent on output loading and cycle rate. the specified values are obtained with the output unloaded 


Inputs cycling at Vix 


AC TEST CONDITIONS CAPACITANCE (T, = 25°C, f = 1.0 MHz)® 


SYMBOL PARAMETER _| MAX| UNITS] CONDITIONS 
Fen | teputGapacrance | 4 | oF | aV=000av 
[Sour | OuipurCapactance | 4 | oF | av=o10av| 


Note b This parameter is sampled and not 100% tested 


Input Pulse Levels Vss to 3V 
Input Rise and Fall Times 5ns 
Input and Output Timing Reference Levels 15V 
Output Load See Figure 1 
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IMS1203 


RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Voc = 5.0V + 10%) 


READ CYCLE? 


SYMBOL 
Standard | Alternate 


teLav | tacs 


RC 
AA 
OH 
LZ 

HZ 
PU 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 
Note d: Device is continuously selected; E low. 
Note e: Measured between Vi, max and Vj14 min. 


[__Panaweven (SS 
[ues [Grip Enable Access Time 
Inc [Read Gycietme estes] [as] 
eo 
- 
Tor [wz | chip Dsabe 10 Outputinacive | of 20| of 30] o| 20 
7[iewn [wy —[Chipénabietorover uo [ol | of [ol 
[8 tvea. [te [ChipenabietoPowerdown | |20] [20] [20 


| | fr Jinputriseand raitimes | 50] | 50] 


UNITS} NOTES 


E 


3 


Ee 
3 
| 


5 


- 
— 


i?p) n 
— 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: Eand W must transition between Vij to Vy or Vip to Vizy in a monotonic fashion. 


Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°° 


2 


ADDRESS 
<«a——__ 3 tavav 


4 taxax 


Q (DATA OUT) 


READ CYCi.E 2° 


DEVICE OPERATION _ 

The IMS1203 has two control inputs, Chip Enable (E) 
and Write Enable (W), twelve address inputs (Ap-A11), 
a data in (Din) and a data out (Dour). The E input controls 
device selection as well as active and standby modes 
With E low, the device is selected and the twelve address 
inputs are decoded to select one memory cell out of 
4096. Read and Write operations on the memory cell are 
controlled by W input. With E high, the device is deselected, 
the output is disabled, and the power consumption is 
reduced to less than one-third of the active mode power 
with TTL levels and even lower with CMOS levels. 


Bs : 


2 lAVAV 


ED 0,050.00, 


8 tEHICCL 


READ CYCLE me 2 

A read cycle is defined as W > Viy min with E< Vi max. 
Read access time is measured from either E going low 
or from valid address 

The READ CYCLE 1 waveform shows a read access 
that 1s inttlated by a change tn the address inputs while 
E is low The output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time The address inputs may change at access time 
and as long as E remains low, the cycle time is equal to 
the address access time. 


3/8 


33 


IMS1203 


RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Veg = 5.0V + 10%) 


WRITE CYCLE 4: WconTROLLED?: " 


INO. asa [anerata PARAMETER 


[9 | tay 


Write Cycle Time 


W 
W 
cw 

oY 

D 

AW 

AS 


tn 


cm 
: [feof — 

[it [tum [toy | tin Erabe cera ofwte [ao] [sol 
oy [Data Setup to Ena ofwite [rs] [eo] 

[1a [mo [ion [ata Hot terra otis | of 

[14 [tan [im | Adress Sotupio End of wie [ool [sol 

[15 [um [us | Adress SetuntBesining ctv | 0 

[16 [mx [ton | Address Hoe ater Ena of wie [of fo] 

[17 [ince [ive | Write EnabiotoOubut Disable | of 75 | of 20 

[ovioutAcive trend ofwnie [of [of 


Cc 
Z 


a UNITS| NOTES 


n 
n 
n 
n 
n 
n 


s{ 
bal al 
s | 
od 
ns | 
2 oe 
ns | 
s | 
ns | ti 
ns | it | 


MPR Pro pT 
oO aPror~mamiit on 


ist] tT tT tT TT 


Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF. 
Note g: Eand W must transition between Viz4 to Vy, or Viy_ to Vipy in a monotonic fashion. 


Note h: E or W must be > Vix during address transitions. 


Note i: If Wis low when E goes low, the output remains in the high impedance state. 


Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 1 


ADDRESS 


eE AWW) 


= 15 tavWL > 


=| 


9 tAVAV 
17 tELWH 
MLLLLLLLL LL. 
14H KF 16 twa 
a“ 10 tWLWH 
\} 
AAA | 
12 tpovwH Kk Dici—t> 13 twHpx 


DIDATAIN) [oO _ ATA VALID = 


Q(DATAOUT) 


The READ CYCLE 2 waveform shows a read access 
that is initiated by E going low As long as address is 
stable when E goes low, valid data ts at the output at 
the specified Chip Enable Access time. If address is not 
valid when E goes low, the timing 1s as specified in 
READ CYCLE 1. Chip Enable access time is not affected 
by the duration of the deselect interval. 


WRITE CYCLE 

The write cycle of the IMS1203 Is initiated by the latter 
of E or W to fall. In the case of W falling last, the output 
buffer will be turned on te_qx after the falling edge of 
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17 twLaz 


DATA UNDEFINED 


- E (Gust as in a read cycle) The output buffer is then 


18 tWHQXx 


turned off within twiqz of the falling edge of W. During 
this interval, it is possible to have bus contention between 
devices with D and Q connected together ina common 
1/O configuration Contention can be avoided tn a care- 
fully designed system During a write cycle, data on the 
input is written into the selected cells and the output 
Is floating. 


WRITE CYCLE 1 waveform shows a write cycle ter- 
minated by W going high Data set-up and hold times 
are referenced to the rising edge_of W When W goes 
high at the end of the cycle with E active, the output of 


inmos: 


IMS1203 


RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Voc = 5.0V + 10%) 


WRITE CYCLE 2: Econtrotep?:" 


Data Hold After End of Write 
Address Set-up to End of Write 
Address Hold After End of Write 


Data Set-up to End of Write 


ns 
ns 
ns 
Ns 
ns 
ns 
ns 
ns 

S 


a re FH PrP] +s 
(o) aAlTop~oni on 
NO 


i 
i 
— 
ae 
ae 
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vg 
ane 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vj14 to Vi_ or Vi, to Viz in a monotonic fashion. 


Note h: E or W must be 2 Vj; during address transitions. 


Note i: IfW is low when E goes low, the output remains in the high impedance state. 


Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 2 19 tavav 
appress [) sd 
26 
TAVEL 

zs | 

E am 

24 tavEH +1 29 TEHAX 
20 
tWLEH 


wi] iY 

22 IDVEH 23 fEHDX 
TAA XX 
27‘wLaz 


DATA UNDEFINED 


D (DATA IN) 


Q (DATA OUT) 


the memory becomes active. The data from the memory 
will be the same as the input data unless the input data 
or address changes. 

WRITE CYCLE 2 waveform shows a write cycle ter- 
minated by E going high. Data set-up_and hold times 
are referenced to the rising edge of E. With E high, 
the outputs remain in the high impedance state. 


APPLICATION 

It is imperative when designing with any very high 
speed memory, such as the IMS1203, that the funda- 
mental rules in regard to memory board layout be 
followed to ensure proper system operation. 


2 ; 


as, 


HIGH IMPEDANCE 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of 
decoupling capacitors to maintain the operating mar- 
gins of the IMS1203 The impedance in the decoupling 
path from the power pin (18) through the decoupling 
capacitor to the ground pin (9) should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling capacitor. 

Since the current transients associated with the opera- 
tion of the high speed IMS1203 have very high frequency 
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components, the line inductance Is the dominating factor. 
To reduce the line inductance, the power trace and 
ground trace should be gridded or provided by separate 
power planes The decoupling capacitor supplies energy 
for high frequency current transients and should be 
located as close to the devices with as short lead length 
as possible. The high frequency decoupling capacitor 
should have a value of 0.1 microfarad, and be placed 
between each row of devices in the array (see drawing). 
A larger tantalum capacitor, with a sufficient value to 
eliminate low frequency ripple, should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distribution system. 
These larger capacitors provide bulk energy storage to 
prevent voltage drop due to the main supply being 
located off the memory board and at the end of a long 
inductive path. 

The ground grid of the memory array should extend to 
the TTL driver periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 


TERMINATION 

Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the lines, 
especially low going TTL signals, line termination Is 
recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
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be placed as close to the driver package as !s practical. 
The line should be kept short by placing the driver- 
termination combination close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of resistance 
should therefore be selected emprrically. 
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IMS1203 


Plastic DIP = = 
Sidebraze ceramic DIP 

(Skinny) Flat-pack 

Ceramic LCC 

(Skinny) Flat-pack 


FIGURE 1. OUTPUT LOAD 
A Formed flat-pack 5.0V 
B Formed flat-pack 
C LCC 
D | Cerdip 3302 
E Small outline, J-bend 
G PGA Q(DouT) 
H | Small outline, Gull wing OUT. 30pF 
J PLCC, J-bend 
K | Sidebraze ceramic DIP 2002 (INCLUDING 
N Ceramic LCC al SCOPE AND 
p FIXTURE) 
S 
T 
W 
Y 


DEVICE | SPEED | PACKAGE PART NUMBER 


PLASTIC DIP IMS1203P-25 
CERAMIC DIP IMS1203S-25 
PLASTIC DIP IMS1203P-35 
CERAMIC DIP IMS1203S-35 
PLASTIC DIP IMS1203P-45 
CERAMIC DIP IMS1203S-45 
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PACKAGING INFORMATION 


18 Pin Ceramic Dual-In-Line 


<8 equal spaces @ _ <S 
2.03 


0.80 


18 Pin Plastic Dual-In-—Line 


+ J 
eo 8 equal spaces @ _ S 
2.54 


0.100 


IMS1223 

CMOS 

High Performance 
1K x 4 Static RAM 


FEATURES DESCRIPTION 

¢ INMOS' Very High Speed CMOS The INMOS IMS1223 is a high performance 1Kx4 
¢ Advanced Process - 1.6 Micron Design Rules CMOS static RAM. The IMS1223 allows speed enhance- 
¢ 1K x 4 Bit Organization ments to existing 1Kx4 applications with the additional 
¢ 25, 35, and 45 nsec Access Times benefit of reduced power consumption. 

* 25, 35, and 45nsec Chip Enable Access Times The IMS1223 features fully static operation requiring 
¢ Fully TTL Compatible no external clocks or timing strobes, and equal address 
* Common Data Input and Output access and cycle times. Additionally, the IMS1223 pro- 
* Three-state Output vides a Chip Enable (/E) function that can be used to place 
* 18 Pin, 300-mil DIP the device into a low-power standby mode. 

¢ Single +5V + 10% Operation The IMS1223M is a MIL-STD-883 version intended for 
¢ Power Down Function military applications. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
32 ROWS 
128 COLUMNS 


— COLUMN VO CIRCUTTS 
COLUMN SELECT 


PIN NAMES 


Pe oarenamue 
pio pararour | 


m| 


=| 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vsg...... —2.0 to 7.0V *Stresses greater than those listed urider Absolute Maximum Ratings 
= may Cause pe:manent damage to the device This ts a stress rating on 

Voltage onQ@................. 1.0 to (Voc + 0.5V) and functional operation of the device at these or any other conditions 

Temperature Under Bias.. ....... =—§5°G.16.125°C above those indicated in the operational seclions oft IS specication 5 

—RRO fo) not implied Exposure to absolute maximum rating conditions for extende 

Storage Temperature ............. BO O10 B07 Ge node may ation ralabiity 9 

Power Dissipation...... ...... eer ree ere 1W 

DC Output Current...... ....... rary eee 25mA 


(One Second Duration) 


DC OPERATING CONDITIONS 


PARAMETER 


=| 


= 
Si<|l</l<I<I{s 
7 


Piss | Supp votage +i o [| 
Cin, | tnouttooo"r'vorase p20] [veers 
so] [08 
A 
= 


Ambient Operating Temperature 


* VIL Min = -3.0V for pulse width <20ns, note b. 


400 linear ft/min air flow 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C) (Voc = 5.0V + 10%)? 


PARAMETER 
Average Vcc Power Supply Current 


NOTES 


> 


Vec Power Supply Current (Standby, 


Stable TTL Input Levels) All other inputs Vin 
< Vit or= Vin 

Vec Power Supply Current (Standby, 

Stable CMOS Input Levels) 


All other inputs at Vin 
<0.2Vor=> 
(Voc —0.2V) 


E >(Voo —0.2V) ' 
Inputs cycling at Vix 
<0.2Vor= 
(Vcc —0.2V) 


3 


om 
= = za 
~” 


Voc Power Supply Current (Standby, 
Cycling CMOS Input Levels) 


lk Input Leakage Current (Any Input) Veco = max 
Vin = Vsg to Voc 
Veco = max 


Off State Output Leakage Current 


Note a Ic¢g Is dependent on output loading and cyc:z rate, the specified values are obtained with the output unloaded 


Vin = Vgg to Voc 


AC TEST CONDITIONS CAPACITANCE (T, = 25°C, f = 1.0 MHz)? 


SYMBOL PARAMETER | MAX, UNITS] CONDITIONS 
Input Capacitance | 4 | pF | AV = Oto 3V 
Output Capacitance | 4 | pF | AV = 0 to 3V 


Note b This parameter is sampled and not 100% tested 


Input Pulse Levels Vss to 3V 
Input Rise and Fall Times = . se be : : 5ns 
Input and Output Timing Reference Levels ‘ 15V 
Output Load ‘ See Figure 1 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < T,< 70°C) (Voc = 5.0V + 10%) 


READ CYCLE? 


tte I Input Rise and Fall Times 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 
Note d: Device is continuously selected; E low. 
Note e: Measured between Vi, max and Vj min. 


| 1223-25 | 1223-35 | 1223-45 | 
PARAMETER MAX [MIN] MAX [MIN] MAX UNITS} NOTES 
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m 
a 
Zi 
~x< 
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Mm 
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pe) 
a 
© 
Oo 
O 
= 
so) 
= 
> 
Q 
< 
© 
on 


ons 

<1] 
| [ep [e[ ms |e 
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CPis| feof feof os fu 
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Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: Eand W must transition between Vjj4 10 Vi__ or Vip to Vizy_ ina monotonic fashion. 


Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°° 
2 TAVAV 
—-_- 3 lavav 
4 taxax 
WV 
VO (DATA OUT) KXKXXX) DATA VALID 
READ CYCLE 2° 
E 
VO (DATA CUT) 
8 tEHICCL 
ICC 
DEVICE OPERATION READ CYCLE 


The IMS1223 has two control inputs: Chip Enable (E) 
and Write Enable (W), ten address inputs (Ag-Ag), and 
four data I/O lines. The E input controls device selection 
as well as active and standby modes. With E low, the device 
is selected and the ten address inputs are decoded to 
select one 4 bit word out of 1024. Read and Write 
operations on the memory cell are controlled by W input. 
With E high, the device is deselected, the outputs are 
disabled, and the power consumption is reduced to less 
than one-third of the active mode power with TTL levels 
and even lower with CMOS levels. 


Dinmos 


A read cycle is defined as W > Vjy min with E< Vi, max. 
Read access time is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in,the address inputs while 
E is low. The output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
and as long as E remains low, the cycle time is equal to 
the adciress access time. 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Voc = 5.0V + 10%) 


WRITE CYCLE 4: WcontrRoLLep?: " 
No.f sear 
zy 


twiaz 


a 
Tam [iwe [Wile Ge Tine is 
= 
711 [ean [ten [chi Enable to Era iwiie [eo] 
[12 [iow [ion Data Setupio Endive [10] 
[13 [ir [ins [Data ot ater end otwite [of 
[14 [nan [inn [adress Sotupio Endo wie eo] 
715 [um [tne [Actress Stupto Beamnng of wie | of 
Fie [i [tam [Adress tod ater End ot wnie [of 
Tour [ite Enabieio Output Osabe | [18 
Fie Fimo [ion [output actve ater enaorwrie [sl [5 


UNITS} NOTES 


NO 


[MAX | 

Pfs || 
0 Es 
pfs | 
pfs | 
ee 
fa 
pfs | 
iz 


ine) — FM TM J @ 
on n_E_O_eED]T_ oO 
NO 
© 
(oe) — [Wo ToT 
on (o)) nTro mit an 


P [re 


Lo 
Pa 
ee 


Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between Vj}j to Vi_or Viz_ to Vipzq in a monotonic fashion. 
Note h: E or W must be 2 Vj; during address transitions. 


Note i: If Wis low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 
WRITE CYCLE 1 ° 
3 TAVAV 
ADDRESS 
11 tELWH 


E ANS 


14 tavWH 
15 tAVWL 


KITLLLLLLL/ 


16 twH AX 
10 twLWH 


: JANANAN: 


12 tpvWH 


a) "9 IWHDX 


0 (DATA OUT) 


The READ CYCLE 2 waveform shows a read access 
that is initiated by E going low. As long as address is 
stable when E goes low, valid data is at the output at 
the specified Chip Enable Access time. If address is not 
valid when E goes low, the timing ts as specified in 
READ CYCLE 1. Chip Enable access time is not affected 
by the duration of the deselect interval. 


WRITE CYCLE 

The write cycle of the IMS1223 is initiated by the latter 
of E or W to transition from a high to a low. In the case 
of W falling last, the output_buffer will be turned on 
teLox after the falling edge of E (just as in a read cycle). 
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17 twLaz 
DATA UNDEFINED 


The output buffer is then turned off within twiqz of the 
falling edge of W. During this interval, it is possible to 
have bus contention between devices with common I/O 
configurations. Contention can be avoided in a carefully 
designed system. During a write cycle, data on the input 
is written into the selected cells and the output is floating. 

WRITE CYCLE 1 waveform shows a write cycle ter- 
minated by W going high. Data set-up and hold times 
are referenced to the rising edge_of W. When W goes 
high at the end of the cycle with E active, the output of 
the memory becomes active. The data from the memory 
will be the same as the input data unless the input data 
or address changes 
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RECOMMENDED AC OPERATING CONDITIONS (—0°C < Ta< 70°C) (Voc = 5.0V + 10%) 


WRITE CYCLE 2: —Econtro.tep?:" 


| SYMBOL | 


wen _| 


twraz 


Poff] __neweren TRB R [os [nore 
2 

[mer [te [wie Pusewan 1s 
ae Scr aa 
[on [Daa Setup o End of wite [10 
23s fn [oer aterEndcras —[0 
[es [nox [tm | Acress Stu to Endo wir [eo 
[in [Adress Hola Ate End frie | 0 
[2s [was [us [Atos Setup Begin Wis 0 
az [WieErateto ouput dsabe | [re] 


_ 
on 


>) 
ine) — [PO | PM I wd 
lofolSlolala [alae 
SRSRESREE: 
Oo 


ise) > |o Fw Tt 
on Af~fTort~oIn 
NO 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: Eand W must transition between Vj4 to Viy_ or Viz_ to Vizy in a monotonic fashion. 
Note h: E or W must be = Vir; during address transitions. 

Note i: IfW is low when E goes low, the outputs remain in the high impedance state. 


Note j: Parameter guaranteed but not tested. 
WRITE CYCLE 2 
19 TAVAV 
26 
'AVEL ae 
E 


24 tAVEH 


We) 


20 , 
ne 
4 


23 tEHDX 


22 tDVEH ad 
yoroaTAIny [| —“—s—SCSCCCCCCSXsCéTAVALI Xs 


V/O (DATA OUT) 


WRITE CYCLE 2 waveform shows a write cycle ter- 
minated by E going high. Data set-up_and hold times 
are referenced to the rising edge of E. With E high, 
the outputs remain in the high impedance state. 


APPLICATION 

It is imperative when designing with any very high 
speed memory, such as the IMS1223, that the funda- 
mental rules in regard to memory board layout be 
followed to ensure proper system operation. 


POWER DISTRIBUTION 
The recommended power distribution scheme com- 
bines proper power trace layout and placement of 
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DATA UNDEFINED 


2 ; 


HIGH IMPEDANCE 


decoupling capacitors to maintain the operating mar- 
gins of the IMS1223. The impedance in the decoupling 
path from the power pin (18) through the decoupling 
Capacitor to the ground pin (9) should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling capacitor. 


Since the current transients associated with the opera- 
tion of the high speed IMS1223 have very high frequency 
components, the line inductance is the dominating factor. 
To reduce the line inductance, the power trace and 
ground trace should be gridded or provided by separate 
power planes. The decoupling capacitor supplies energy 
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| 


for high frequency current transients and should be 
located as close to the devices with as short lead length 
as possible. The high frequency decoupling capacitor 
should have a value of 0.1 microfarad, and be placed 
between each row of devices tn the array (see drawing). 
A larger tantalum capacitor, with a sufficient value to 
eliminate low frequency ripple. should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distribution system. 
These larger capacitors provide bulk energy storage to 
prevent voltage drop due to the main supply being 
located off the memory board and at the end of a long 
inductive path. 

The ground grid of the memory array should extend to 


the TTL driver periphery circuit. This will provide a solid | 


ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 


TERMINATION 

Trace lines’on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the lines, 
especially low going TTL signals, line termination is 
recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
be placed as close to the driver package as is practical. 
The line should be kept short by placing the driver- 
termination combination close to the memory array. 
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Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of resistance 
should therefore be selected empirically. 
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DECOUPLING CAPACITORS 


Lead finish 


<SaxHWMNVAAcCIOMVNIOD>D 


Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


ORDERING INFORMATION 


PLASTIC DIP 
CERAMIC DIP 


PLASTIC DIP 
CERAMIC DIP 
PLASTIC DIP 
CERAMIC DIP 


IMS1223 


FIGURE 1. OUTPUT LOAD 
5.0V 


4800 


30pF 
255Q (INCLUDING 
> iL SCOPE AND 


FIXTURE) 


PART NUMBER 


IMS1223P-25 
IMS1223S-25 
IMS1223P-35 
IMS1223S-35 
IMS1223P-45 
IMS1223S-45 


IMS1223 


PACKAGING INFORMATION 


18 Pin Ceramic Dual-In-Line 


ee, a 


° _ 
ee 8 equal spaces @ <«S =< E—> 
2.03 


0.80 


18 Pin Plastic Dual-In-Line 


" ; ~<— eA—>" 
<«— 8 equal spaces @ _ S 
2.54 


0.100 
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CMOS 
High Performance 
16K x 1 Static RAM 


FEATURES DESCRIPTION 
¢ INMOS' Very High Speed CMOS The INMOS IMS1403 is a high performance 16K x 1 
¢ Advanced Process - 1.6 Micron Design Rules CMOS Static RAM. The IMS1403 provides maximum 
¢ 16K x 1 Bit Organization density and speed enhancements with the additional 
« 25, 35, 45 and 55 nsec Access Times CMOS benefits of lower power and superior reliability. 
¢ Fully TTL Compatible The IMS1403 features fully static operation requiring 
¢ Separate Data Input & Output no external clocks or timing strobes, and equal address 
¢ Three-state Output access and cycle times. Additionally, the IMS1403 _pro- 
¢« Power Down Function vides a Chip Enable (/E) function that canbe used to place 
¢ Single +5V + 10% Operation the device into a low-power standby mode. 
¢ 20-Pin, 300-mil DIP (JEDEC Std.) The IMS1403M and IMS1403LM are MIL-STD-883 
¢ 20-Pin Ceramic LCC (JEDEC Std.) versions intended for military applications. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


A, Vee PC Ay Voc 
A, A, al A, 
A, A, Ay Vss 
A, A, Ae Az 
A A AS A MEMORY ARRAY 
x A. at © : 128 ROWS 
A NG Al A, 128 COLUMNS 
12 WW A 

Q A. Ate A, 
WwW 12) D Aa A, 
Ves E A 

TT es aon es 

DEW D COLUMN I/O Q 
DIP CHIP 
CARRIER 
THANAR 
PIN NAMES Ag Ag Ag Ayo Ay, Ayo Ai 

E 

Ww 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V “Stresses greater than those listed under “Absolute Maximur 
Voltage On Q ou. cececsseeseeeeeee -1.0 to (Vcc+0.5) Ratings" may cause permanent damage to the device. This Is 
T t Under Bi 55°C to 125°C stress rating only and functional operation of the device at these or 
EMPETALUTE VNGEN DIAS....+. 00000000 is 2 any other conditions above those indicated in the operational 
Storage Temperature ................000 -65° C to 150°C sections of this specification is not implied. Exposure to absolute 
Power DiSSipatiONn............ccsssscosesssesesseseessseeenees 1W maximum rating conditions for extended periods may affect reliability. 
DC Output Current... cecsecccessssecescseeeees 25mA 
(One Second Duration) 


DC OPERATING CONDITIONS 


[PARAMETER | MN 
[vec | Supp votage ida 
20 


ver | SupplyVotage 
Input Logic "1" Voltage 
Ambient Operating Temperature PO 


Tos |v | Alinputs 


| 5.0 | 
po 
|| veces |v] Allinputs 
a 
| 25 | 


PARAMETER 


Average Vcc Power 


Icc1 
Supply Current 


Vcc Power Supply Current E> Vin. All other inputs at 
(Standby,Stable TTL Input Levels) Vin ¢ Vic or 2 VIH 


Vcc Power Supply Current E> (Vcc - 0.2). All other inputs at 
(Standby, Stable CMOS Input Levels) Vin ¢ 0.2 or 2 (Vcc - 0.2V) 


Vcc Power Supply Current E > (Vcc - 0.2). Inputs cycling at 
(Standby, Cycling CMOS Input Levels) Vin ¢ 0.2 or 2 (Vcc - 0.2V) 


Input Leakage Current (Any Input) p fat] na | Vin = Ves to Veo 
Off State Output Leakage Current pf as | a oo an oie 
Output Logic "1" Voltage faa] V 


Output Logic "0" Voltage | [oe] ve loH = 16MA 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


lo. = -4mA 


AC TEST CONDITIONS CAPACITANCE? (Ta=25°C, f=1.0MHZ) 

Input Pulse Levels | MAX | UNITS [CONDITIONS | 

Input Rise and Fall Times | Cw [Input Capacitance | 4 | pF 
| Cour [Output Capacitance| 4 | pF 


Note b: This parameter is sampled and not 100% tested. 


Input and Output Timing Reference Levels..1.5V 
Output Load See Figure 1 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < T,< 70°C) (Veg = 5.0V + 10%) 


READ CYCLE’ 
[7403-25 | 1403-35 | 1403-45 | 1403-55] 


Standard MIN] MAX{MIN] MAX [MIN] MAX[MIN/ MAX 
Ftaov | tos [Chip Enable Accesstime | [25] [a5] [45] |55| ne_ 


Ftwav [tao [Read CycleTime 25] [35] [40] [50 
Address Access Time | [as] [ss] |ao] | 

ERERE 

5 


t.z | Chip Enable to Output Active 
tuz | Chip Disable to Output Inactive 


m 
x 
Oo 
N 


| fo|wfofea tatoo] 
Loma 
S 
x< 
é 
~< 
-— 
= 
= 
O 
= 
5) 
= 
zo 
o 
QO 
> 
— 
4°) 
— 
> 
Qa. 
OQ. 
—“ 
4) 
) 
no 
© 
sy 
i) 
J 
© 
is) 
nn 


= 


teLICCH Chip Enable to Power Up O| 
Chip Enable To Power Down iz 
ae Fe Input Rise and Fall Times = 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected, E low. 

Note e: Measured between V, max and Vj min. 

Note f: Measured + 200mvV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V,, to Vi. or Vi, to Viq in a Monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


io) 


READ CYCLE 1°° 


2 tAVAV 


appress | 


<«_————_ 3 favav 
4 taxax 


aoaraou) [YXXXXXKX SCAT VD 


READ CYCLE 2° 
E 
Q(DATAOUT) (XXXXK DATA VALID) 
8 tEHICCL 
Icc 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Voc = 5.0V + 10%) 


WRITE CYCLE 14: WcontTROLLeD?: " 


NOlsanamrafanemay PARAMETER 
Fa tay | tue [Wile CycleTime 
ts 


| 1403-25 | 1403-35 | 1403-45 | 1403-55 | 
MIN] MAX]MIN] MAX/MIN] MAX 


twwox_| tox 
14] tw] tw | Address Set-up to End of Wnte _|2 
tomn_|_ tas 
Write Enable to Output Disable 

tow | Output Active After End of Write | tof fof fol Jns} a. 


Note f: Measured + 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V), to V;, or Vi. to Vjy in a monotonic fashion. 
Note h: E or W must be = Vi, during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


= Ae) — ae) 
© o7Fo | oO {oO 
NO 
SRBRRRERG: 
69) —+ |@® |PM |W 
lololo|Slola/s|s/s 
ERRERRESE 
>) 


WRITE CYCLE 1 
9 tAVAV 
_ 11 ELH 
E AAA LLL LLLLLLL 
14 tayvwH 16 twHax 
= a 15 tavwe 10 twewH 
Mm }ANRNAN! 
12 tpvWH aaa 13 tWHDxX 
paras) [_SSSS~S™~SCSCSCSCS CATV KX 
17 twLaz 18 tWHOX 
a (paTAoUT 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Tx< 70°C) (Voc = 5.0V + 10%) 
WRITE CYCLE 2: EcontrRoLted?: " 


SYMBOL 
Standard [Alternate 


AVAV 


tow | Data Set-up to End of Write 
Data Hold After End of Write 


rol of 
ins | AcessSetupio Bening twits | of [of fol — 
nar [tmz [Wie Erableto Output Disabe | of 20] of aol of of of 26] os Lu 


Note f: Measured + 200mvV from steady state output voltage. Load capacitance Is SpF. 
Note g: E and W must transition between V,, to Vi; or Vi, to Vy, in a monotonic fashion. 
Note h: E or W must be = Viy during address transitions. 

Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


[Standard] 
twoeH 
toven 

noe | 


WRITE CYCLE 2 re 
26 
- TAVEL Soe 
; ol 
24 tAVEH - 25 tEHAX 
w AAAS L777. 
22 !DVEH 23 EHDX 
D(OATAIN) ee CC 
27 ‘waz 
HIGH IMPEDANCE 
Q(DATAOUT) 
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DEVICE OPERATION 

_The IMS1403 has two control inputs, Chip Enable 
(E) and Write Enable (W), fourteen address inputs (Ao - 

A,3). a Data in (D) and a Data out (Q). The E input 
controls device selection as well as active and standby 
modes. With E low, the device is selected and the fourteen 
address inputs are decoded to select one bit out of 16K 
bits. Read and Write operations on the memory cell are 
controlled by W input. With E high, the device is de- 
selected, the output ts disabled. and power consumption 
Is reduced to less than one-fourth of the active mode 
power with TTL levels and even lower with CMOS levels. 


READ CYCLE 

A read cycle is defined as W > Vj, min with E< 
V,. max. Read access time is measured from either E 
going low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that 1s initiated by a change in the address inputs while 
E ts low. The output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
as long as E remains low, the cycle time is equal to the 
address access time. 

The READ CYCLE 2 waveform shows a read access 
that Is initiated by E going low. As long as address is 
stable when E goes low, valid data is at the output at 
the specified Chip Enable Access time. If address is not 
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valid when E goes low, the timing is as specified in 
READ CYCLE 1 Chip Enable access time is not affected 
by the duration of the-deselect interval. 


WRITE CYCLE 

A write cycle of the IMS1403 Is initiated by the latter 
of E or W to transition from a high to a low. In the case 
of W falling last, the output_buffer will be turned on 
te_ox after the falling edge of E (just as in a read cycle). 
The output buffer is then turned off within twigz of the 
falling edge of W. During this interval, it is possible to 
have bus contention between devices with D and Q 
connected together in a common I/O configuration 
Contention can be avoided in a carefully designed sys- 
tem. During a write cycle, data on the input is written 
into the selected cells and the output is floating. 

WRITE CYCLE 1 waveform shows a write cycle ter- 
minated by W going high. Data set-up and hold times 
are referenced to the rising edge of W. When W goes 
high at the end of the cycle with E active, the output 
of the memory beccmes active. The data from the 
memory will be the same as the input data unless the 
input data or address changes. 

WRITE CYCLE 2 waveform shows a write cycle ter- 
minated by E going high. Data set-up_and hold times 
are referenced to the rising edge of E With E high, 
the outputs remain in the high impedance state. 


APPLICATION 

It is imperative when designing with any very high 
speed memory, such as the IMS1403, that the funda- 
mental rules in regard to memory board layout be fol- 
lowed to ensure proper system operation. 


POWER DISTRIBUTION 

The recommended power distribution scheme com- 
bines proper power trace layout and placement of de- 
coupling capacitors to maintain the operating margins 
of the IMS1403. The impedance in the decoupling path 
from the power pin through the decoupling capacitor, 
to the ground pin should be kept to a minimum. The 
impedance of this path is determined by the series im- 
pedance of the power line inductance and the induc- 
tance and reactance of the decoupling capacitor. 

Since the current transients associated with the opera- 
tion of the high speed IMS1403 have very high frequency 
components, the line inductance is the dominating factor. 


«DEVICE 


ee et 
eretetaverereveeroee BW == § ‘Wiiteretde gp ~rrtttem Fe © Wihtetetetetate’s 


CROCS s TEE © MEE KOOOOOOOOC? BEER "0 MEE KOC IOI 


Voc, Vsg GRID SHOWING 
DECOUPLING CAPACITORS 


IMS1403 


To reduce the line inductance, the power trace and ground 
trace should be gridded or provided by separate power 
planes. The decoupling capacitor supplies energy for 
high frequency current transients and should be located 
as close to the devices with as short lead length as 
possible. The high frequency decoupling capacitor 
should have a value of 0.1uF, and be placed between 
each row of devices in the array (see drawing). A larger 
tantalum capacitor, with a sufficient value to eliminate 
low frequency ripple, should be placed near the memory 
board edge connection where the power traces meet 
the backplane power distribution system. These larger 
capacitors provide bulk energy storage to prevent voltage 
drop due to the main supply being located off the memory 
board and at the end of a long inductive path. 

The ground grid of the memory array should extend 
to the TTL periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss of 
operating margin of the drivers due to differential ground 
noise. 


TERMINATION 

Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating dowk the lines, 
especially low going TTL signals, line termination is 
recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
be placed as close to the driver package as is practical. 
The line should be kept short by placing the driver- 
termination combination close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a resis- 
tor of predetermined value may not properly match the 
signal path impedance. The proper value of resistance 
should therefore be selected empirically 
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Lead finish 
Formed flat-pack 
Formed flat-pack 


<SAnVZAXACIOMIVNOD>Y 


LCC 
Cerdip 


Small outline, J-bend 


PGA 


Small outline, Gull wing 


PLCC, J-bend 


Sidebraze ceramic DIP 


Ceramic LCC 
Plastic DIP 


Sidebraze ceramic DIP 
(Skinny) Flat-pack 


Ceramic LCC 


(Skinny) Flat-pack 


ORDERING INFORMATION 


FIGURE 1. OUTPUT LOAD 


5.0V 


Q (Dout) 


167Q il 


2500 


30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 


DEVICE | SPEED | PACKAGE PARTNUMBER 


IMS1403 


PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 


PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 


IMS1403P-25 
IMS1403S-25 
IMS1403W-25 
IMS1403P-35 
IMS1403S-35 
IMS1403W-35 
IMS1403P-45 
IMS1403S-45 
IMS1403W-45 
IMS1403P-55 
IMS1403S-55 
IMS1403W-55 


PACKAGING INFORMATION 


20 Pin Plastic Dual-In-Line im f, tnenes | 


B 
Mca 9 equal spaces @ —————> 
2.54 


0.100 


IMS1403 
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20 Pin Leadless Chip Carrier 


a sate 


B1 


e1 


Pa IMS1423 
Poo High Performance 
4K x 4 


STrititte : 
tir CMOS Static RAM 
oO 
inmos: 
FEATURES DESCRIPTION 
« INMOS' Very High Speed CMOS The INMOS IMS1423 is a high performance 4K x 4 
« Advanced Process - 1.6 Micron Design Rules CMOS static RAM. The IMS1423 provides maximum 
¢ 4K x 4 Bit Organization density and speed enhancements with the additional 
¢ 25,35, 45 and 55 nsec Access Times CMOS benefits of lower power and superior reliability. 
« Fully TTL Compatible The IMS1423 features fully static operation requiring 
* Common Data Input & Output no external clocks or timing strobes, and equal address 
* Three-state Output access and cycle times. Additionally, the IMS1423 
* 20-Pin, 300-mil DIP & SOJ (JEDEC Std.) provides a Chip Enable (/E) function that can be used to 
* 20-Pin Ceramic LCC (JEDEC Std.) place the device into alow-power standby mode. 
¢ Single +5V + 10% Operation The IMS1423M is a MIL-STD-883 version intended 
¢ Power Down Function for Low Standby Power for military applications that demand — superior 
¢ Pin Compatible with IMS1420 performance and reliability. 
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY 
ARRAY 
128 ROWS 


KM>>P p> ppp 


A, 128 COLUMNS 
A, 
A, 
E Vsg W 1/O4 
CHIP 1/0, 
CARRIER V0, =| como | 
COLUMN SELECT 2 
PIN NAMES 1d [elolele 


mi 


=| 


November 1989 1/10 


57 


IMS1423 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vs...» ... 2.0 to 7.0V *Stresses greater than those isted under Absolute Maximum Ratings 
- a : may Cause permanent damage to the device Thisisa stress rating only and 

Voltage on I/O (Pins 13-16)... . —1.0 to (Voc ae Ovi functional operation of the device at these or any other conditions above 

Temperature Under Bias. .. ...—-55°C to 125°C those indicated in the operational sections of this specitication s not implied 

fay — ° O° xposure to absolute maximum rating conditions for extende perioas 

Storage Temperature (Ambient) .... -65°C to 150°C Rose a ty g 

Power Dissipation ... ... .. . . .. .. .1W 

DC Output Current... ete. RH ee LOMA 


(One Second Duration) 


DC OPERATING CONDITIONS 


femmeot[ _paraweven | _in | wwe | wax | owns | ores 
0 
[Ves | suppivotae Side fo |e | vp 


VIL Input Logic "0" Voltage Pe eee OE Allinputs 


400 linear ft/min air flow 
* VIL Min = -3.0V for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (0°C < T, < 70°C) (Vcc = 5.0V = 10%)? 


t = 25ns 
Average Vcc Power VEN 


tavay = 3ons 
Supply Current tavay = 45ns & 55ns 


Voc Power Supply Current E> Vy All other inputs at 
cce (Standby,Stable TTL Input Levels) Vins Vip or 2 Vin 

I Voc Power Supply Current 

CC3 | (Standby, Stable CMOS Input Levels) 
Voc Power Supply Current 

CC4 | (Standby, Cycling CMOS Input Levels) 


Input Leakage Current (Any Input) a | 


E> (Vcc - 0.2) All other inputs at 
Vin $0.2 or 2(Voc - 0.2V) 


E> (Voc - 0.2) Inputs cycling at 
VIN $0.2 or = (Voc = 0.2V) 


Off State Output Leakage Current 
Output Logic "1" Voltage 24 


Output Logic "0" Voltage 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the outputs unloaded. 


AC TEST CONDITIONS CAPACITANCE} (T, = 25°C, f = 1.0MH7) 
[ew —_[lnpucapactance | 4 | oF | av-owav 


Note b: This parameter is sampled and not 100% tested. 


Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference Levels..................000. 1.5V 
Output Load See Figure 1 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < T,< 70°C) (Voc = 5.0V * 10%) 
READ CYCLE? 


ee PARAMETER cE ee ee 


tac_|ReadCycleTime 2 

loz 

tuioon 
P 


U 
teHicct Chip Disable To Power Down 


Ped ty Input Rise and Fall Times 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected, E low. 

Note e: Measured between V;, max and V,, min. 

Note f. Measured + 200mvV from steady state output voltage. Load capacitance ts 5pF 
Note g: E and W must transition between V,, to V,, or Vi, to Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


ne 
6 
si 
os 


READ CYCLE 1° 


2 tAVAV 


ADDRESS 


1/0 (DATA OUT) 


DATA VALID 


READ CYCLE 2° 
- é‘ 1 teLav 
E 
ILLLLLLLLLLLY 
5 teLax 6 teHaz d 
rpataoun HSHIMEEDINE OOK ont >> 
7 tELICCH 


ACTIVE 8 tEHICCL 


Icc 
STANDBY 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < T,< 70°C) (Voc = 5.0V + 10%) 
WRITE CYCLE 1: WcontRoLtepd?:" 


Smmaadarena PARAMETER 
PARAMETER 


NO, MIN] MIN] MAX UNITS |NOTES 
[tw | tuo [Wile Cycle Time _————S~«*rS 


tn 
twwox | tow 
15] twm_| tss_| Address Set-up to Beginning of write | 0! 
= 


© 


NO — TPO TM | wd 
ee) HIP PToRoit~a_~?n 


IMAX|MINTMAX 
| {35} 
| esl | 
| jes] 
Pat 
She 
| fas] 
| fol 
En 


Note f: Measured + 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V,, to V,, or Vi. to Vi Ina Monotonic fashion. 
Note h: E or W must be = V, during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 1 


9 tAVAV 


ADDRESS 


mi 


INNNNNY — TT 
ee 14 tavwH | a 16 twHAx 
ANNAN 


12 tovwH 13 twHox 


17 twLaz 


DATA UNDEFINED 


= 


18 twHax 


/O (DATA OUT) HIGH IMPEDANCE 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Voc = 5.0V + 10%) 


WRITE CYCLE 2: EcontRoLtep?:" 


io feapea] PARAMETER [anurans [OTS 
Chip Enable to End of Write 

tow 
ei 
tw_| Address Set-up to End of Write [2 


—_— 


tte 


" ERERE 
[wz | Write Enable to Output Disable | of 15] 0] 15] 0} 20] of 25] ns | ty | 


Note f: Measured + 200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between Vy, to Vi, or Vi, to Vix in a monotonic fashion. 
Note h: E or W must be = Vi, during address transitions. 

Note |: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


— |M TPM Th 
joo {8 Jo |S 1818 [RE 


WRITE CYCLE 2 


AVEL . 
ee a 
24 t 25 1 


‘AVEH 
20 


AURA ce (IEEE, 


23 tex 


2 ts s, 
27 twaz 


DATA UNDEFINED 


EHAX 


=| 


HIGH IMPEDANCE 


I/O (DATA OUT) 
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DEVICE OPERATION 

_The IMS1423 has two control inputs, Chip Enable 
(E) and Write Enable (W), twelve address inputs (Ao- 
A;1), and four Data I/O lines. The E input controls device 
selection as well as active and standby modes. With E 
low, the device Is selected and the twelve address inputs 
are decoded to select one 4-bit word out of 4K words. 
Read and Write operations on the memory cell are con- 
trolled by W input. With E high, the device ts deselected, 
the outputs are disabled and the power consumption is 
reduced to less than one-fourth of the active mode power 
with TTL levels and even lower with CMOS levels 


READ CYCLE -_ _ 

A read cycle is defined as W = Viy min with E < Vi 
max. Read access time is measured from either E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that 1s initiated by a change tn the address inputs while 
E is low The outputs remain active throughout READ 
CYCLE 1 and ts valid at the specified address access 
time The address inputs may change at access time 
and as long as E remains low, the cycle time 1s equal to 
the address access time 

The READ CYCLE 2 waveform shows a read access 
that 1s initiated by E going low. As long as address is 
stable when E goes low, valid data is at the outputs at the 
specified Chip Enable Access time. If address is not valid 
when E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time 1s not affected by the 
duration of the deselect interval. 


WRITE CYCLE 

The write cycle of the IMS1423 Is initiated by the latter 
of E or W to transition from a high level to a low level. In 
the case of W falling last, the output buffers will be turned 
on teL_ax after the falling edge of E (just as in a read 
cycle). The output buffers are then turned off within twrqz 
of the falling edge of W. During this interval, it is possible 
to have bus contention between devices with common 
I/O configurations. Therefore input data should not be 
active until twLgz to avoid bus contention 
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WRITE CYCLE 1 waveform shows a write cycle ter- 
minated by W going high. Data set-up and hold times 
are referenced to the rising edge of W. When W goes 
high at the end of the cycle with E active, the outputs 
of the memory become active. The data from the memory 
will be the same as the input data unless the input data 
or address changes 

WRITE CYCLE 2 waveform shows a write cycle ter- 
minated by E going high. Data set-up and hold times 
are referenced to the rising edge of E. With E high, the 
outputs remain in the high impedance state. 


@ \¢ DEVICE 


APACITOR 


Pe nano 
eeterera: 


Vcc; Vss GRID SHOWING 
DECOUPLING CAPACITORS 


IMS1423 


a 


APPLICATION 

_ It is imperative, when designing with any very high 
speed memory such as the IMS1423, that the funda- 
mental rules in regard to memory board layout be fol- 
lowed to ensure proper system operation. 


POWER DISTRIBUTION 

The recommended power distribution scheme com- 
bines proper power trace layout and placement of de- 
coupling capacitors to maintain the wide operating mar- 
gins of the IMS1423. The impedance in the decoupling 
path from the power pin through the decoupling capacitor 
to the ground pin should be kept to a minimum. The 
impedance of this path is determined by the series 
Impedance of the power line inductance and the induc- 
tance and reactance of the decoupling capacitor. 

Since the current transients associated with the opera- 
tion of the high speed IMS1423 have very high frequency 
components, the line inductance is the dominating factor. 
To reduce the line inductance, the power trace and 
ground trace should be gridded or provided by separate 
power planes. The decoupling capacitor supplies energy 
for high frequency current transients and should be lo- 
cated as close to the devices with as short lead length 
as possible. The high frequency decoupling capacitor 
should have a value of 0.1uF, and be placed between 
each row of devices In the array (See drawing). A larger 
tantalum capacitor, with a sufficient value to eliminate 
low frequency ripple, should be placed near the memory 
board edge connection where the power traces meet 
the backplane power distribution system. These larger 
Capacitors provide bulk energy storage to prevent voltage 


drop due to the main supply being located off the memory 
board and at the end of a long inductive path. 

The ground grid of the memory array should extend 
to the TTL periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 


TERMINATION 

Trace lines ona memory board in the array look to TTL 
driver signals like low impedance, unterminated trans- 
mission lines. In order to reduce or eliminate the reflec- 
tions of the TTL signals propagating down the lines, 
especially low going TTL signals, line termination is recom- 
mended. The termination may be either series or parallel. 

The recommended technique ts to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
be placed as close to the driver package as Is practical. 
The line should be kept short by placing the driver- 
termination combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to mini- 
mize reflections, but generally a series resistor in the 
10 to 330hm range will be required. Because each design 
will result in a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of resistance should 
therefore be selected empirically. 
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Type [Package Lead finish 


FIGURE 1. OUTPUT LOAD 


Plastic DIP solder 
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Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


ORDERING INFORMATION 


DEVICE 


IMS1423 


gold 
solder 

gold 

gold 


PACKAGE 


PLASTIC DIP 
PLASTIC SOJ 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
PLASTIC SOU 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
PLASTIC SOJ 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
PLASTIC SOJ 
CERAMIC DIP 
CERAMIC LCC 


5 OV 
A Formed flat-pack gold 
B Formed flat-pack solder 
C LCC gold 
D | Cerdip solder nen 
E Small outline, J-bend solder 
G PGA gold 
H Small outline, Gull wing solder 0 
J PLCC, J-bend solder ee 
K Sidebraze ceramic DIP solder (INCLUDING 
N Ceramic LCC solder 2550 PGUEED 
S 
T 
W 
Y 


PART NUMBER 


IMS1423P-25 
IMS1423E-25 
IMS1423S-25 
IMS1423W-25 
IMS1423P-35 
IMS1423E-35 
IMS1423S-35 
IMS1423W-35 
IMS1423P-45 
IMS1423E-45 
IMS1423S-45 
IMS1423W-45 
IMS1423P-55 
IMS1423E-55 
IMS1423S-55 
IMS1423W-55 


PACKAGING INFORMATION 


20 Pin Plastic Dual-In-Line 


[scncs-otusn oxhease 


im f-tmehes_+__rom—_ 


een >||~< a 


B 
9 equal spaces @ ———__> 
2.54 


B 
9 equal spaces @ <«S 
2.94 


0.100 


IMS1423 
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IMS1423 


20 Pin Leadless Chip Carrier 
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EERE EE WY 
EL 
EER EEE 
EEE REE 
ERR REE 
EERE 


mmMos: 


FEATURES 


INMOS' Very High Speed CMOS 

Advanced Process - 1.6 Micron Design Rules 
64K x 1 Bit Organization 

25, 30, 35, 45 and 55 nsec Access Times 
Fully TTL Compatible 

Separate Data Input & Output 

Three-state Output 

Power Down Function 

Single +5V + 10% Operation 

22-Pin, 300-mil DIP (JEDEC Std.) 

22-Pin Ceramic LCC (JEDEC Std.) 

24-Pin, 300-mil SOJ 

Battery Backup Operation - 2V Data Retention 
(L version only) 


PIN CONFIGURATION 


A2 AOD Vee Al 


WVss E DO 


CHIP 
CARRIER 


PIN NAMES 


A,-A,,;ADDRESS INPUTS | Q DATA OUTPUT 
Ww WRITE ENABLE Vcc POWER 
E CHIP ENABLE Vss GROUND 


D DATA INPUT 
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IMS1600 


IMS1601L 
CMOS 
High Performance 


64K x 1 Static RAM 


DESCRIPTION 


The INMOS IMS1600 is a high performance 64K x 1 
CMOS Static RAM. The IMS1600 provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1600 features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1600 pro- 
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1601L is a low power version offering battery 
backup data retention operating from a 2 volt supply. 

The IMS1600M and IMS1601LM are MIL-STD-883 
versions intended for military applications. 


BLOCK DIAGRAM 


MEMORY ARRAY 


256 ROWS 
256 COLUMNS 


COLUMN VO CIRCUITS (DouT)Q 
COLUMN SELECT 


1/10 


67 


IMS1600/1601L 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V “Stresses greater oe Be re ecco ad mee ae 

a may cause permanent damage to the device. This is a stress rating 
Voltage on Q............ ey eee nas yt 1.0 he (vces9 >) only and functional operation of the device at these or any other 
Temperature Under Bias................ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature .........eeeeeeee -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation ‘ 1W conditions for extended periods may affect reliability. 


DC Output Current... cccesseceesseeeeesseees 25mA 


(One Second Duraton) 


DC OPERATING CONDITIONS 
SYMBOL PARAMETER 
Vec Supply Voltage 


s [so [ss |v 
i ae 
v 


We) > 
fo) 


MAX 
V All inputs 


Vss Supply Voltage 
Vin Input Logic "1" Voltage : 
Vit Input Logic "0" Voltage -1.0° | re: fe | All inputs 


o1 


TA Ambient Operating Temperature 


400 linear ft/min air flow 
“Vii min = -3 volts for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta< 70°C) (Vcc=5.Cv + 10%)? 


SYMBOL PARAMETER UNITS NOTES 
mA tAVAV = 25ns and 30ns (PRELIM) 
mA tAVAV = 35, 45 and 55ns 


E> Vin. All other inputs at 
Vin ¢ Vic or 2 Vin 


o 
QO 
nN 
— rae) ~ 


Average Vcc Power 
Supply Current 


Icc1 


Vcc Power Supply Current 
(Standby,Stable TTL Input Levels) 


IMS1601L version 


Vcc Power Supply Current 
(Standby, Stable CMOS Input Levels) 


IMS1601L version 


Icc3 = 
E 2 (Vcc - 0.2). All other inputs at 


Vin § 0.2 or 2 (Vcc - 0.2V) 


Vcc Power Supply Current 
(Standby, Cycling CMOS Input Levels) 


IMS1601L version 


Icc4 


E> (Vcc - 0.2). Inputs cycling at 
Vin ¢ 0.2 or 2 (Vcc - 0.2V) 


liL« Input Leakage Current (Any Input) 


Vcc = max 
VIN = Vss to Vcc 


Voc = max 
HA | Vin = Vss to Voc 


: 
il if 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


I+ I+ 


IOLK Off State Output Leakage Current 


VoH Output Logic "1" Voltage 


1 
i 


VoL Output Logic "0" Voltage 


AC TEST CONDITIONS __ CAPACITANCE? (Ta=25°C, f=1.0MHZ) 


Input Pulse LeVEIS ....csssssesssense SYMBOL| PARAMETER  |MAX|UNITS|CONDITIONS 
Input Rise and Fall Times... eee eee cece eeeee Sns Cin Input Capacitance pF | aAV=0 to 3V 


Input and Output Timing Reference Levels... 1.5V 
Output Load icc ssscecdescceeaestiiaecaek See Figure 1 Cour {Output Capacitance! 7 pF | AV=Oto 3V 
Note b: This parameter is sampled and not 100% tested. 
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IMS1600/1601L 


RECOMMENDED AC OPERATING CONDITIONS (0°C ¢ Ta¢ 70°C) (Vcc = 5.0V +10%) 
READ CYCLE? 


IMS IMS IMS IMS 
1600-25 | 1600-30 | 1600-35 1600-45 
SYMBOL & & 
PARAMETER PRELIM PRELIM 1601-35 1601-45 
na onc 


& 
1601-55 
ee 
funy | we [Reed CyceTine 


fs 

25] sof | es] 4s] 
[ever | wa [AdstessAccessTime | [as| [a0] [as] [4s | [85 [ne 
4 ' taXOX ei. oh 5 | [5 | 

el 


IMS 
1600-55 


noAtrTse 


tro 30 

pa 
3] [3 
Chip Disable to O/P Inactive fo | 15] 0 | 
0 | 
= 


[7 | teucon| to [Chip Enabloto PowerUp | © | 
[6 [enor | wo [Chip Enabiete Power Down |_| 25 
[Jue rise andra times |_| 50 


Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vitto Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


(de) —_— 
Oo on 


READ CYCLE 1°4 


ADDRESS 


Q (DATA OUT) OUTPUT VALID 


READ CYCLE 2° 


1 teELav 


mi 


Q (DATA OUT) 


7 tELICCH 
ACTIVE 


Ico 
STANDBY 
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IMS1600/1601L 


RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Voc = 5.0V 10%) 
WRITE CYCLE 1: W CONTROLLED?" 


SYMBOL PARAMETER 


vay [we Wie yee Time Tas | 
vw [we [We Pos Wah [20] 
teu [row _ [Shp Erableto End etwie [20] 
tov tow _[PaeSeupwEndotwrie [rs] 
cwiox [ton [DataHoldaterEndorwite [0 |_| 
|_| 
fe 
ist] 

rs 


IMS 
1600-25 


—_ 


tAVWH 2 

AVL 

tWHAX pose 2 }5e) Sh. 
15 | 0 | 15] 0 | 20} 0 |20 | 
Write Enable to Output Disable fol fol fo| lo] | 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: Eand\ W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. : 

Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


1 


ioe) 


— | on f — fF =] oc] | = 
Ni oo] Oy &] wl] hd 


WRITE CYCLE 1 


9 tAVAV 
ADDRESS 


: MM _ UULTLAUUUUL 
DF aT RL OT ra ico 


y AAAS 
12 tows 13. twHox 
peoaTamy | Kava YK 
17 tw.oz bw 


Q (DATA OUT) HIGH IMPEDANCE 


DATA UNDEFINED 
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IMS1600/1601L 


RECOMMENDED AC OPERATING CONDITIONS (0°C <¢ Ta< 70°C) (Vcc = 5.0V 10%) 
WRITE CYCLE 2: E CONTROLLED?" 


IMS IMS IMS IMS IMS U 
1600-25 |1600-30 | 1600-35 | 1600-45 {1600-55 | 4; 
SYMBOL PARAMETER PRELIM |PRELIM | 1601-35 |1601-45 |1601-55 


I 

1 
coal a 
st feo fs] fst [| 


fat omar ioe [is Panwa ——T sn Toso Po] st 
21 | teen [tow  |ChipEnabletoEndofwrie | 20{ | 20{ [30] [30] [30] [ns] | 
22| rover | tow _|DataSeuptoendorwrite [15] [15] | 15] [20 | |20 | [ns] 
28 tenox | ton _|DataHoldafterendotwrte | o |  |o | fo | [o | |o | [ns] 
24 | taven | taw [Address SetuptoEndof Write |20 | [20] | 30} |s0 | [30 | |ns| 
25 | teHax | twa [Address Holdatterendofwrtel 5 | [5 | [5 | 15 | [5 | Ins| | 
26| tavet_| tas |addressSetuptostanotwrte|o | |o| |o{ fo | |o | Ins|_ 
27 | 1wuaz | twz__ [Write Enable to Output Disable] 0 | 15 | 0 | 15] o | 20] 0 [20 | o [25 Insti 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 


we aomaoz 


Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 2 


ADDRESS |} 


<q __-___ %4 t,,. = 25 ty, 
we NVA AAA AAA IT 
posta) [CATAL XO 
27 twoz 


Q (DATA OUT) DATA UNDEFINED slletab eda cree 
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IMS1600/1601L 


DEVICE OPERATION 


The IMS1600 has two control inputs, Chip Enable (/E) 
and Write Enable (/W), 16 address inputs (AO -A15), a 
data in (D) and a data out (Q). 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 16 address inputs are decoded to select one 
memory cell out of 65,536. Read and Write operations on 
the memory cell are controlled by the /W input. With /E 
high, the device is deselected, the output is disabled and 
the power consumption is reduced to less than one-fourth 
of the active mode power with TTL levels and even lower 
with CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Vin min with /E < ViL 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
is low. The output remains active throughout READ 
CYCLE 1 andis validat the specifiedaddress access time. 
The address inputs may change at access time and long 
as /E remains low, the cycle time is equal to the address 
access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the output at the 
specified Chip Enable Access time. If address is not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 


WRITE CYCLE 


The write cycle of the IMS1600 is initiated by the latter 
of /E or /W to transition from a high to alow. In the case 
of /W falling last, the output buffer will be turned on teLax 
after the falling edge of /E (just as in a read cycle). The 
output buffer is then turned off within twiaz of the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices with D and Q connected 
together in a common 1/O configuration. Therefore input 
data should not be active until twLaz to aviod bus conten- 
tion. 
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WRITE CYCLE 1 waveform shows awrite cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of (W. When/W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
be the same as the input data unless the input data or 
address changes. 


WRITE CYCLE 2 waveform shows awrite cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With/E high the output 
remains in the high impedance state. 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1600. The impedance in the decoupling path from the 
power pin through the decoupling capacitor to the ground 
pin should be kept to a minimum. The impedance of this 
path is determined by the series impedance of the power 
line inductance and the inductance and reactance of the 
decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices in the array. A larger tantalum capacitor of a suffi- 
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet the backplane power distribution 
system. These larger cap: -itors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
should extend to the TTL driver periphery circuit area. 
This will provide a solid ground reference for the TTL 
drivers and prevent loss of operating margin of the drivers 
due to differential ground noise. 


IMS1600/1601L 


TERMINATION 


Trace lines on amemory board in the array look to TTL 
driver signals like low impedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 


dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of resistance should 
therefore be selected empirically. 


DATA RETENTION (CL version only) (0°C < Ta < 70°C) 


volts 


Voc= 3.0 volts 


Voc= 2.0 volts 


*Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 


(tac= Read Cycle Time) 


Note k: Supply recovery rate should not exceed 100mV per ps from Vopr to Voc min. 


LOW V cc DATA RETENTION 


DATA RETENTION MODE 


Vcc 


E 2 (Vpp-0.2V) 
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IMS1600/1601L 


FIGURE 1. OUTPUT LOAD 
A Formed flat-pack 5.0V 
B | Formed flat-pack j 
C LCC 
D Cerdip 
E Small outline, J-bend 48002 
G PGA 
H | Small outline, Gull wing Q (Dour) 
J PLCC, J-bend 
K | Sidebraze ceramic DIP . ett 
N | Ceramic LCC 2550 SCOPE AND 
P Plastic DIP FIXTURE) 
S_ | Sidebraze ceramic DIP = = 
T | (Skinny) Flat-pack 
W_} Ceramic LCC 
Y (Skinny) Flat-pack 
ORDERING INFORMATION 
PART NUMBER 
DEVICE PACKAGE 
| sree LOW POWER 
25ns PLASTIC DIP IMS1600P-25 
25ns CERAMIC DIP IMS1600S-25 
25ns CERAMIC LCC IMS1609W-25 
25ns PLASTIC SOJ IMS1600E-25 
30ns PLASTIC DIP IMS1600P-30 
30ns CERAMIC DIP IMS1600S-30 
IMS1600 30ns CERAMIC LCC IMS1600W-30 
35ns PLASTIC DIP IMS1600P-35 IMS1601LP35 
35ns CERAMIC DIP IMS1600S-35 IMS1601LS35 
35ns CERAMIC LCC IMS1600W-35 IMS1601LW35 
35ns PLASTIC SOJ IMS1600E-35 IMS1601LE35 
45ns PLASTIC DIP IMS1600P-45 IMS1601LP45 
45ns CERAMIC DIP IMS1600S-45 IMS1601LS45 
45ns CERAMIC LCC | IMS1600W-45 IMS1601LW45 
45ns PLASTIC SOJ IMS1600E-45 IMS1601LE45 
55ns PLASTIC DIP IMS1600P-55 IMS1601LP55 
55ns CERAMIC DIP IMS1600S-55 IMS1601LS55 
55ns CERAMIC LCC IMS1600W-55 IMS1601LW55 
Sons PLASTIC SOJ IMS1600E-55 IMS1601LE55 
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PACKAGING INFORMATION 


22 Pin Dual-In-Line-Package 


B>|< Bt : et ~< 
10 equal spaces @ <—— b= 
2.54 


0.100 


Bt ; lei |x <— Ey —>] 


an 
10 eqvel apace @ <— E—> 


400 


IMS1600/1601L 


22 Pin Leadless Chip Carrier 


| Irom soem eNO 
[Nom| To!_| Nom | Tol _ 


B1 


>< 


24 Pin Plastic J Leaded SOJ 


ee a 


Inches mm 
Min |Max | Min Max 


3.048 | 3.556 
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FEATURES 


INMOS' Very High Speed CMOS 
Advanced Process - 1.6 Micron Design Rules 
16K x 4 Bit Organization 

25, 30, 35, 45 and 55 nsec Access Times 
Fully TTL Compatible 

Common Data Input & Output 
Three-state Output 

Power Down Function 

Single +5V + 10% Operation 

22-Pin, 300-mil DIP (JEDEC Std.) 

22-Pin Ceramic LCC (JEDEC Std.) 
24-Pin, 300-mil SOJ 


PIN CONFIGURATION 


A6 AS Vcc A4 


E Vss W 10, 


CHIP 
CARRIER 


PIN NAMES 


A,-A,3 ADDRESS INPUTS | VO DATA IN/OUT 
Ww WRITE ENABLE Vcc POWER (+5V) 
E CHIP ENABLE Vss GROUND 
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IMS1620 
CMOS 
High Performance 


16K x 4 Static RAM 


DESCRIPTION 


The INMOS IMS1620 is a high performance 16K x 4 
CMOS Static RAM. The IMS1620 provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1620 features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1620 pro- 
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1624 is the functional equivalent of the 
IMS1620 with the addition of an Output Enable input. 

The IMS1620M and IMS1620LM are MIL-STD-883 
versions intended for military applications. 


BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
256 COLUMNS 
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IMS1620 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V *Stresses greater than tnote iste uncer ole econ Range 

3 may cause permanent damage to the device. This is a stress rating 
Voltage on I/O............ soeeeesnesnnecnnen to veers snip’ and tamelionel operation of the device ar tieco/orany other 
Temperature Under Bias..............+ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature ................... -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation 4W conditions for extended periods may affect reliability. 


DC Output CUrrent.........cccecsncrceeerereeeeeees 25mA 


(One output at a time, one second duration) 


DC OPERATING CONDITIONS 


PARAMETER MIN 
Supply Voltage 55 V 
ves | SuppiyVotage S| v 
Input Logic "1" Voltage | 2.0 | V i 

Vit Input Logic "0" Voltage | os | v_ | alinputs | 
Ambient Operating Temperature a ae) 
*Vi_min = -3 volts for pulse width <2Ons, note b. 


DC ELECTRICAL CHARACTERISTICS (0°C < Tas 70°C) (Vcc =5.0V + 10%)® 


SYMBOL PARAMETER | MMAX | UNITS NOTES 
1 
1 


10 mA | tAVAV = 25ns and 30ns 
00 mA_ | tAVAV = 35, 45 and 55ns 
A . 
A 
1 
5 


/max | unis | NOTES | 
55 | vf 
a 


a 
mt 


Average Vcc Power 
Supply Current 


Icc1 


Vcc Power Supply Current 
(Standby, Stable TTL Input Levels) 


mA | E> Vi. Allother inputs at 
Vin § Vit or 2 VIH 
Vcc Power Supply Current 
(Standby, Stable CMOS Input Levels) 


14 | mA | E> (Vcc - 0.2). All other inputs at 
Vin < 0.2 or 2 (Vcc - 0.2V) 
7 E> (Vcc - 0.2). Inputs cycling at 
Vin ¢ 0.2 or 2 (Vcc - 0.2V) 
+ Vcc = max 
Vin = Vss to Vec 
VOH Output Logic "1" Voltage pea} | ov 


VoL Output Logic "0" Voltage ae ts 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


Vcc Power Supply Current 
(Standby, Cycling CMOS Input Levels) 


3 
> 


Icc4 


S 


liLK Input Leakage Current (Any Input) 


Q Q 
cA) i) 


Vcc = max 
Vin = Vss to Vcc 


IOLK Off State Output Leakage Current 


IOH = -4mA 


lol = 8MA 


AC TEST CONDITIONS CAPACITANCE? (Ta=25°C, f=1.0MHZ) 


Input Pulse Levels .... SYMBOL| PARAMETER UNITS |CONDITIONS 
PDE yee ane al ne. Cin _| Input Capacitance AV = 0 to 3V 
Output Capacitance AV = 0 to 3V 


Note b: This parameter is sampled and not 100% tested 


Input and Output Timing Reference Levels..1.5V 
Output Load See Figure 1 
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IMS1620 


RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V +10%) 


READ CYCLE? : 
SYMBOL PARAMETER 1620-45 
Le = eee 


PT retov [racs |Otipenabienccesstine [fas | [ool fes{ las | [55 
Tavav [enc [ReadGyceTtine das] 
Peavaw [tan [pass Acces Tine | [as 
Ptaxax [ton [OP HoliAfer Address Chango] 6 
Pevox [riz |Onpenableo oP have [5 
Peenaz | ev [Chip disable to Ouputiacive [0 
{es ru loupe Pome [0 
re ia 


Cc 


Chip Enable to Power Down 
Pd Input Rise and Fall Times 


Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


a [a [a |@|a]a|al ala} ea-ze¢ 
Fe a oe Fa 


READ CYCLE 14 


ADDRESS 


voomnounl YOK eareur van 


READ CYCLE 2° 


= 1 teLav 
E 
LLL LLL LLL LL A 
5 terax 6 teHaz 
yo oara cu HHLMEEDANG KWOK out vaio > 
7 teELICCH 


8 tEHICCL 


ACTIVE 


Icc 
STANDBY 
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IMS1620 


RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Vcc = 5.0V 10%) 
WRITE CYCLE 1: W CONTROLLED?" 


SYMBOL PARAMETER 


roe [one ivritine Tor 
o[ amen] twe [Wie Pube wah | 20 
Ptewwn [tow [Chip Enabioto End of Wite_| 20 
Prov | tow [Pata Soupto End of wrte [13 
Cewmiox | to [Data Hol afer End of Wrio [0 | 
ie [a 

ilo | 

is 

ri 

Po 


IMS 
1620-45 


IMS 
1620-55 


a |@ |@ [a |alala| al ala) ea-ze 
Be Lene 


J tAVWL | tas [Address Setup to Start of Writ | 
J 1WHAX | tWR [Address Hold after End of Write 
| twraz | twz__ |Write Enable to Output Disable 
tWHOX 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: If W is low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


tcw 
tpw 
z 
tAS 
tWR 
tWZ 


mm | op | mt] mf on f af ee] oO 
NP oo] ape] ao] Yt — 


se) wi] aw 
jo fo fe jo] 8}o/8] 3] 8] aE 
nm 


WRITE CYCLE 1 


9 TtAVAV = 


ACDRESS 


mi 


NANNY na Titty 
ee ee 14 tavwi oe 16 twuax 
ANNAN 


12 tovwH 13 twHpx 


0 (DATA IN) DATA VALID cel 


rz twlaz — > 18 twHax 
VO (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 


=| 


‘ 
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RECOMMENDED AC OPERATING CONDITIONS (0°C ¢ Ta<¢ 70°C) (Vcc = 5.0V 10%) 


WRITE CYCLE 2: E CONTROLLED?:" 


max 
= 

ho 

ai | teteH | tew  [ChipEnableto Endof Write | 20| | 20] | go] 
i 

ee 


| rover [tow |OatsSeuptoendctwite [re] [rs] [18 
| vevox [ton _[DaaHodaterendotirie [0 | [0 | [o 
2 [vaven | taw _[pdiess Soupio Eraorwie [20 | [25 | [eo] 
25 [remax [wr [aatoss Soup to sianctwinols | [ss] Jo | lo | |rs|_ 
| vwver [108 hedessHoldatorEndotwieto | fo fo Jo | lo | Ins] _ 
7 | waz [tw [wie Enable to Oututdbabie| 0 [1 Lo [18] 0 Lis]o leo] 6 [25 Inslih 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vix to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 2 


Ls 


19 t 


AVAV 


26 
toe 
- 
251 


24 t 


mi 


AVEH EHAX 


20 


TALL WITT 


22 t 23 t 


=| 


EHDX 


27 twoaz 


/O (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 
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DEVICE OPERATION 


The IMS1620 has two control inputs, Chip Enable (/E) 
and Write Enable (/W), 14 address inputs (AO -A13), and 
four Data I/O pins. 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 14 address inputs are decoded to select one 4-bit 
word out of 16,384. Read and Write operations on the 
memory cells are controlled by the /W input. With /E high, 
the device is deselected, the outputs are disabled and the 
power consumption is reduced to less than one-fourth of 
the active mode power with TTLlevels andevenlowerwith 
CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Vin min with /E < Vit 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
is low. The outputs remain active throughout READ 
CYCLE 1 andis valid at the specified address access time. 
The address inputs may change at access time and long 
as /E remains low, the cycle time is equal to the address 
access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the outputs at the 
specified Chip Enable Access time. If address is not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 


WRITE CYCLE 


The write cycle of the IMS1620 is initiated by the latter 
of /E or /W to transition from a high to alow. In the case 
of /W falling last, the output buffers are turned on teLox 
after the falling edge of /E (just as in a read cycle). The 
output buffers are then turned off within twLazof the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices with common I/O configura- 
tions. Therefore input data should not be active until twLaz 
to aviod bus contention. 
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WRITE CYCLE 1 waveform shows awrite cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of (W. When/W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
be the same as the input data unless the input data or 
address changes. 


WRITE CYCLE 2 waveform shows a write cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With /E high the 
outputs remain in the high impedance state. 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1620. The impedance in the decoupling path from the 
power pin through the decoupling capacitor to the ground 
pin should be kept to a minimum. The impedance of this 
path is determined by the series impedance of the power 
line inductance and the inductance and reactance of the 
decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices in the array. A larger tantalum capacitor of a suffi- 
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet the backplane power distribution 
system. These larger capacitors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
shouldextendto the TTL driver periphery circuit area This 
will provide a solid ground reference for the TTL drivers 
and prevent loss of operating margin of the drivers due to 
differential ground noise. 


TERMINATION 


Trace lines on a memory board in the array look to TTL 
driver signals like low impedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 


IMS1620 


dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of resistance should 


_therefore be selected empirically. 
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Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


A 
B 
C 
D 
E 
G 
H 
J 
K 
N 
P 
S 
T 
W 
Y 


ORDERING INFORMATION 


DEVICE | SPEED 


25ns 
25ns 
25ns 
25ns 
30ns 
30ns 
30ns 
30ns 
35ns 
35ns 
35ns 
35ns 
45ns 
45ns 
45ns 
45ns 
55ns 
55ns 


IMS1620 


I/O (DouT) 


PACKAGE 


PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 


2552 


PART NUMBER 


IMS1620P-25 
IMS1620S-25 
IMS1620W-25 
IMS1620E-25 
IMS1620P-30 
IMS1620S-30 
IMS1620W-30 
IMS1620E-30 
IMS1620P-35 
IMS1620S-35 
IMS1620W-35 
IMS1620E-35 
IMS1620P-45 
IMS1620S-45 
IMS1620W-45 
IMS1620E-45 
IMS1620P-55 
IMS1620S-55 
IMS1620W-55 
IMS1620E-55 


5.0V 


FIGURE 1. OUTPUT LOAD 


4802 


30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 


IMS1620 


PACKAGING INFORMATION 


22 Pin Plastic Dual-In-Line 


10 equal spaces @ =———_»> 
2.54 


0.100 


22 Pin Ceramic Dual-In-Line 


tet et 


10 equal spaces @ < E—> 
2.54 


0.100 
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22 Pin Leadless Chip Carrier 


Sei 


B1 


TT] B Et 
iL 


lege} ot ale 


24 Pin Plastic J Leaded SOJ 


en A cee 


pte 
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FEATURES 


¢ INMOS' Very High Speed CMOS 

¢ Advanced Process - 1.6 Micron Design Rules 

* 16K x 4 Bit Organization with Output Enable 

° 25, 30, 35, 45 and 55 nsec Address Access Times 
¢ 25, 30, 35, 45 and 55 nsec Chip Enable Access Times 
¢ Fully TTL Compatible 

¢ Common Data Input & Output 

* Three-state Output 

¢ Power Down Function 

¢ Single +5V + 10% Operation 

¢ 24-Pin, 300-mil DIP (JEDEC Std.) 

* 28-Pin Ceramic LCC (JEDEC Std.) 

¢ 24-Pin, 300-mil SOJ 


PIN CONFIGURATION 


AS NC NC Vec NC 


G Vss NC W IA, 


CHIP 
CARRIcR 


PIN NAMES 


Ag- Ay ADDRESS INPUTS 
G OUTPUTENABLE | 


November 1989 


SYMBOL 


IMS1624 

CMOS 

High Performance 
16K x 4 Static RAM 
with Output Enable - 


DESCRIPTION 


The INMOS IMS1624 is a high performance 16K x 4 
CMOS Static RAM. The !MS1624 provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1624 features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. The IMS1624 provides a Chip 
Enable (/E) function that can be used to place the device 
into a low-power standby mode. The IMS1624 also 
includes an Output Enable (/G) for fast access to data and 
enhanced bus contention control. 

The IMS1624 is the functional equivalent of the 
IMS1620 with the addition of an Output Enable input. 

The IMS1624M and IMS1624LM are MIL-STD-883 
versions intended for military applications. 


BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
256 COLUMNS 


TWNNWA 


oHz| 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V “Stresses greater than those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 


Voltage on I/O............ soreennsessneeenaees -1.0 to Vec+0.5 only and functional operation of the davice at these or any other 

Temperature Under Bias................ -55° C to 125°C conditions above those indicated in the operational sections of this 

Storage Temperature ...............0... -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
oot Saas es conditions for extended periods may affect reliability. 

Power Dissipation. ................ss:sssseesssneecceceeeeeeeees 1W 

DG Output CUIre Ml... .cisccvecieisecsecdesncectseseseesants 25mA 


(One output at a time, one second duration) 


DC OPERATING CONDITIONS 


Input Logic "1" Voltage All inputs 

Vit Input Logic "0" Voltage All inputs 
400 linear ft/min air flow 
*Vi_min = -3 volts for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (0°C< Tas 70°C) (Vcc=5.0V + 10%)* 


SYMBOL PARAMETER | MAX| UNITS NOTES 


Average Vcc Power 110 mA | tavav= 25ns and 30ns 
Supply Current 100 mA | tAVAV = 35, 45, and 55ns 


mA | £2 Vin. Allother inputs at 
ViN< Vit or 2 VIH 
mA | £2 (Vcc - 0.2). All other inputs at 
Vin £ 0.2 or 2 (Vcc - 0.2V) 
E2 (Vcc - 0.2). Inputs cycling at 
VIN < 0.2 or 2 (Vcc - 0.2V) 


Vcc Power Supply Current 
(Standby,Stable TTL Input Levels) 


Vcc Power Supply Current 

(Standby, Stable CMOS Input Levels) 
Vcc Power Supply Current 

(Standby, Cycling CMOS Input Levels) 


liLK Input Leakage Current (Any Input) amen ee 
Vcc = 

loLK Off State Output Leakage Current eae en Voc 

OH Output Logic "1" Voltage jaa] | ov loH = -4mA 


Output Logic "0" Voltage s 0.4 lol = 8mA 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


Icca 


Q Q Q 
A) iS) = 


V 
VoL 


AC TEST CONDITIONS CAPACITANCE? (Ta=25°C, f=1.0MHZ) 


Input Pulse Levels 
Input Rise and Fall Times 


SYMBOL PARAMETER 


CoutT 


| MAX | UNITS [CONDITIONS 
Input Capacitance AV = 0 to 3V 
Output Capacitance AV = 0 to 3V 


Note b: This parameter is sampled and not 100% tested 


Input and Output Timing Reference Levels..1.5V 
Output Load See Figure 1 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V +10%) 


READ CYCLE? 
SYMBOL PARAMETER 1624-30 1624-45 
fie | mem ele 
ea 


pt | tetav [tacs |ChipEnableAccess Time | [2s | [30 | [as | | as| [55 [7s] 
re[tavav [tre [ReadoyaeTine ‘as | [ao] [35 
Peavey [tan [oss Aocoss Tino | [as | [a0 


O/P Enable Access Time ft jasc 
O/P Hold After Address Change eet 
ae 
cae 


omaOz 


Pretax [uz JOP Enable oP Acive 

[venaz | tnz _|GhipDisabo to Output nacive [0 [18 | 

O/P Disable to Output Inactive fo f45 | 
a 
La 


- 
m 
9 
Pad 


Brale ca 


| teLICcH| tPU Chip Enable to Power Up 
11] tEHICCH] tPD___ [Chip Disable to Power Down _| a 
| | tt Winputrtise anda times | [50 | [50_ 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected; E and G low. 

Note e: Measured between Vit max and Vix min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E, Gand W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


id 
READ CYCLE 1° Suiy 


3 tavav 
a 5 taxox 
yoorraoun[ WNW output van 
READ CYCLE 2° 


1 teELav 


6 texox | LLL T LLL 8 teHoz 
bad fot 


11 
7 teLox | "| teHICCL 
/O (DATA OUT) 


HIGH Z OO) OUTPUT VALID 
10 tELICcH 
ANGUS 2s pe 
loc ran | 


mi 


@! 
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IMS1624 


RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta ¢ 70°C) (Vcc = 5.0V 410%) 
- WRITE CYCLE 1: W CONTROLLED?" 


IMS 


A | aA Fo 
fal tavav [two |WiiecysleTine ———fas{ [aot [a5] [as 


2 wwii| we [wie Puce wan [20] [20] | 0] 
ia [vexwn [row [tip EnebietoEnsorwirie [aol [20] | 30] 
[own toy _[DataSeuprozractwate [rs] [vs] | 78| 
| awiox | ton [Patera aterEndotwaie fo | fo fo] 
7 [awa [taw —_Adess Stypto End ot wie [20 | [as [a0] 

i 


fe] ravwe | tas [Address Setupto Stat of Wrte|o | |o | | 0 | 
19] twHax | 1wR_ Address Hold after End of Write] § | |S |__| 
20 | twiaz | 1wz__ [Write Enable to Output Disable | 0 _| 15 | 0 | 
21 | 1wHax| tow lov Active atterendof Write [o | | o | 


WRITE CYCLE 2: E CONTROLLED? 


SYMBOL PARAMETER cs 
standard 


Sp none [ime powers ——— ta 
[amen [we [wie Piso wan [20 
[even [tow [chip Enable io Endo Wate | 20 
| tovew [1pw [Dale Sotpto End of Wie [10 
| sewox [ton [Datateld aor End of Wate [0 | 
eo. 
a 
ro 
ro 


Bo 


tAVEH | taw Address Setup to End of Write 
28] 1eHAX | twR | Address Hold after End of Write 
29] tAVEL {tas | Address Setup to Start of Write 


15 


30 | tweaz | twz [Write Enable to Output Disable 


WRITE CYCLE 3: Fast Write, Outputs Disabled?" 


fe 

= 

2 

fi | 

eee fmm em Le LE 
SYMBOL PARAMETER 1624-45 1 iT 
oo a oo & | 
Wie Cys T re i 

° ° x 

i ita 

ed 

ae 

= 

be 


is 
ae) wwawn| twe [Wie Pusewiah | 19) 
2 | 1ovwn [row [Data Seupio End otwite | 10) 
4 | twHox| ton [DataHold after Endof Write | 0 | 
[avn | tw [Address Setup to End of Wri [12 
86 | iwHax|twr | Address Hold after End of Writ] 5 | 
| tavwL | tas [Address Setupto Start ofWritelo | [o | | | 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E, Gand W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: If Wis low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


= 
on 


IMS1624 
WRITE CYCLE 1 


12 tavav 
ADDRESS 


AINNNNNY —_ TELL 
a 17 tawH ae 19 twHax 


WwW \ 
\ 


15 toVWH 16 twHpx 


20 twiaz 21 = twHox 
VO (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 
WRITE CYCLE 2 
22 tAVAV 
29 
TAVEL —_——_—_—_———- 24 tELeH 


- 
— 27 tAVEH 


28 tEHAX 


26 tEHDX 
I/O (DATA IN) 


VO (DATA OUT) 


WRITE CYCLE 3 
31 tavav ee a ee 
35 tAvWH 
36 tWHAX 
a 37 TAL 32 tWLWH 


VO (DATA IN) 
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DEVICE OPERATION 


The IMS1624 has three control inputs, Chip Enable 
(/E), Output Enable (/G) and Write Enable (/W), 14 ad- 
dress inputs (AO -A13), and four Data I/O pins. 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 14 address inputs are decoded to select one 4-bit 
word out of 16,384. Read and Write operations on the 
memory cells are controlled by the /W and/G inputs. With 
/E high, the device is deselected, the outputs are disabled 
and the power consumption is reduced to less than one- 
fourth of the active mode power with TTL levels and even 
lower with CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Vinmin with /E and /G 
< Vi_max. Read access time is measured from the latter 
of either /E or /G going low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
and /G are low. The outputs remain active throughout 
READ CYCLE 1 and are valid at the specified address 
access time. The address inputs may change at access 
time and long as /E and /G remain low, the cycle time is 
equal to the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated bythe latter of /E or /G going low. As long 
as address is stable when /E goes low, valid data is at the 
outputs at thelatter of specified Chip Enable Access or 
Output Enable Access times. If address is not valid when 
/E goes low, the timing is as specified in READ CYCLE 1. 
Chip Enable access time is not affected by the duration of 
the deselect interval. 

Since/G controls the output buffers, /Gis required to be 
low in order for the outputs to be active. 
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WRITE CYCLE 


The write cycle of the IMS1624 is initiated by the latter 
of /E or /W to transition from a high to alow. In the case 
of /W falling last, the output buffers are turned on teLax 
after the falling edge of /E if /Gis already low (just as ina 
read cycle). The output buffers are then turned off within 
twaz of the falling edge of /W. During this interval it is 
possible to have bus contention between devices with 
common I/O configurations. Therefore input data should 
not be active until twLaz. To aviod bus contention, the /G 
input can be held high throughout the write operation. 


WRITE CYCLE 1 waveform shows a write cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of (W. When/W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active (if /G is low). The data from the 
memory will be the same as the input data unless the input 
data or address changes. 


WRITE CYCLE 2 waveform shows a write cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With /E high the 
outputs remain in the high impedance state. 


WRITE CYCLE 3 waveform shows a write cycle 
controlled by /W, with /G high and /E low throughout the 
cycle. As the outputs will not become active during this 
operation, maximum data bandwidth is provided by allow- 
ing very shortwrite cycles and eliminating any bus conten- 
tion considerations. 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1624. The impedance in the decoupling path from the 
power pin through the decoupling capacitor to the ground 
pin should be kept to a minimum. The impedance of this 
path is determined by the series impedance of the power 
line inductance and the inductance and reactance of the 
decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices in the array. A larger tantalum capacitor of a suffi- 
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet the backplane power distribution 
system. These larger capacitors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
shouldextendto the TTL driver periphery circuit area This 


IMS1624 


‘will provide a solid ground reference for the TTL drivers 


and prevent loss of operating margin of the drivers due to 
differential ground noise. 


TERMINATION 


Trace lines on a memory board in the array look to TTL 
driver signals like low impedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 
dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of prede- 
termined value may not properly match the signal path 
impedance. The proper value of resistance should there- 
fore be selected empirically. 
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Lead finish 


A 
B 
C 
D 
E 
G 
H 
J 

K 
N 
p 
S) 
T 
W 
Y 


Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


ORDERING INFORMATION 


IMS1624 


VO (Dour) 


PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC SOJ 


255Q 


IMS1624P-25 
IMS1624S-25 
IMS1624W-25 
IMS1624E-25 
IMS1624P-30 
IMS1624S-30 
IMS1624W-30 
IMS1624E-30 
IMS1624P-35 
IMS1624S-35 
IMS1624W-35 
IMS1624E-35 
IMS1624P-45 
IMS1624S-45 
IMS1624W-45 
IMS1624E-45 
IMS1624P-55 
IMS1624S-55 
IMS1624W-55 
IMS1624E-55 


5.0V 


DEVICE | SPEED | PACKAGE | PARTNUMBER 


FIGURE 1. OUTPUT LOAD 


480Q 


30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 


IMS1624 
PACKAGING INFORMATION 


24 Pin Plastic J Leaded SOJ 


3.048 | 3.556 


Al 
Be |~. Bt = as — eA—>| 
<___—_—_ 11 equal spaces @ 
2.54 
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24 Pin Ceramic Dual-In-Line 


om jana a 
Hom {Tot Norn Ta 


B1 
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FEATURES 


¢ INMOS' high performance CMOS 
* Advanced Process - 1.6 Micron Design Rules 
¢ 8K x 8 Bit Organization 
« 45,55, 70, 100 and 120 ns Address Access Times 
« 45,55, 70, 100 and 120 ns Chip Enable Access Times 
¢ Fully TTL Compatible 
¢ Common Data Inputs and Outputs 
¢ Single +5V + 10% Operation 
¢ Standard 28 Pin 600-mil DIP, 28-Lead SOIC 
and Skinny DIP Package 
¢ Battery Backup Operation - 2V Data Retention 


PIN CONFIGURATION LOGIC SYMBOL 


Ei e2 GW 


DIP and SOIC 


PIN NAMES 


A,- A, ADDRESS INPUTS | Vcc POWER (+5V) 
W WRITE ENABLE | Vcc GROUND 


VO1-V/O8 DATA IN/OUT 


E162  CHIPENABLE | 


G OUTPUT ENABLE 
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IMS1630L 
CMOS 


High Performance 
8K x 8 Static RAM 


DESCRIPTION 


The INMOS IMS1630L is a high performance 8Kx8 
CMOS Static RAM. 

The IMS1630L features fully static operation requiring 
no external clocks or timing strobes, with equal access 
and cycle times. The IMS1630L provides two Chip Enable 
functions (E1, E2) to place the device into a reduced 
power standby mode. 

In the low power battery backup data retention mode, 
the IMS1630L consumes typically 10pA at 2 volts supply. 


BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
256 COLUMNS 


COLUMN vo 


COLUMN SELECT 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V “Stresses greater than it listed bie eee Ratings” 

4 may cause permanent damage to the device. This is a stress rating 
Voltage on I/O............. sessseneeneeasenns 1.0 io (vec+02) only: and Aunehonal operation of the device aliiece of any oiler 
Temperature Under Bias................ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature ................008 -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation 14W conditions for extended periods may affect reliability. 


DC Output Current... ccccessssseserteneeeees 25mA 


(One output at a time, one second duration) 


DC OPERATING CONDITIONS 


*Vi_min = -3.0 volts for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS a < TAS oer (Vcc = 5.0V + 10%)? 


Vcc Power Supply Current mA |E1> Vidor E2sVIL. All other inputs at 
(Standby,Stable TTL Input Levels) Vin < Vir or 2 VIH 


1 2 (Vcc - 0.2V) or E2 < 0.2V. All oth- 
er ae at Vin< 0.2 or 2 (Vec-0.2V 


Vcc Power Supply Current E1> (Vcc - 0.2V) or E2<0.2V. Inputs 
(Standby, Cycling CMOS Input Levels) cycling at Vin < 0.2 or 2 (Vcc - 0.2V) 
Vin = Vss to Vcc 


Vin = Vss to Vcc 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the outputs unloaded. 


AC TEST CONDITIONS CAPACITANCE? (Ta=25°C, f=1.0 MHZ) 
Input Rise and Fall Times | CIN _| Input Capacitance | 5 | pF | AV=0to3Vv| 
cour [Op Capectanea! 7 | pF [aveowav’ 


Note b: This parameter is sampled and not 100% tested. 


Input and Output Timing Reference Levels..1.5V 
Output Load See Figure 1 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V +10%) 


READ CYCLE? 
IMS IMS IMS IMS ims ;|U 
1630L- | 1630L- 1630L- | 1630L- | 1630L- | N 
ny [aaax[ Min [MAX [MIN [nAX[ MIN (MAX [MIN|MAX| 5 


= 


SYMB 
Pena [an | 
[1 [teiLav |tacs|ChipEnable AccessTime ss |_— [48 | [55 | [70] | 100] [120 |ns|_| 
EaHGV [\ACS [ohip Enable Accosstine | [®|_[55 | [70] [+00] [120 [rel 
cavav [ine [Rend cyco Time [| [ss | [vo] [veo] rao] [ral 
Crave [tan [adeross Access tine | || [ss 1 {aol [roo] [zo rela 
ictav [ice Or Enable Data Vala | 
Ttaxox [tow [om Hots ater addrscnge (>| [5 | [wo] [wm] [io] Inst 
7 [rescz [112 [chip Enable too actve tS | _[s | fof |] [10] [nal 
[a [rernaz [tH2 [chip Disable wo mactve | ° [2 [0 [as | ofas|o las] of aolnelai 
[s [teaiaz [WZ [chip enabicto om active [5 | [8 { [10] |v] [10] Isl | 
fo [teaaz [12 [chip Disable wo nactve f° [lo [as fol alo | as] of aolnsli 
in [tetox [uz low enatiowor ace — 151 Is} [sl ls [5] |nel | 

iaaz tne lop disatieto om nacive [9 [20] o [as | o[ a5] [as] of aolnsli 
kenuccr| tru [chipenatietPoverup [© [ol tof lo] | ol lesly 
REsLicaL[tPD [Chip Engbie to PowerDonn | [20 | [20 | [2] la] [aol i 
teawccr PU [chip EnabietoPowerue to] fo] el le] [a Inii 

eaLiCol| "FO" [chip ssbioto Power Down | [20 [ao | [2] [as | | solnal 
7| —sdtT [yp RiseandFallTimes «| ~—=s150| [so | Iso} [sol | 5o|nsle,j 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected; E1 low, G low and E2 high. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 

Note g: E1, E2, Gand W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°* 


omaAOsz 


ADDRESS 
6 tAXOX 
VW/VVVV 
7 ( ) XXX) OUTPUT VALID 
READ CYCLE 2° 
3 tAVAV 
ADDRESS ae ADDRESS VALID ea 
ol 8 tE1HOZ 
10 tE2LQZ 
E2 
2 tE2HOQV 
nse | 12 tGHOZ 
5tGLOV 
. | 
11 tGLOX 14 tE1HICCL 
16 tE2LICCL 
vO (Data Out) 
ICG 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Vcc = 5.0V +10%) 
WRITE CYCLE 1: W CONTROLLED?" 


IMS ims | IMS IMS IMS 
ae 16901: 1690L- 1630L- | 1630L- |1630L- | 
PARAMETER 70 400 120 | 4 

ia a 


fiafiavav [two [wie cystine aT fs8{ [70 [too] rao) [sl 
Taf sae was —————T 61 [sa [an [oo [Len rs 
ee ee eine eee ee een tee ae 
ar[teanwnd tow [Cn Erabie2wEnvorwrie | as| [aol [40] 16>] [70] ~ [ns|_ 
[town [tow [OataSeuprocracrwite | ao] | 
2fniox [ion [DataHod aterendotwne | of 
2e|tavw [raw Adsress Sotto End orwrte | asl 

a 

a 


aomaooz 


tAVWL |tAS_ |Address Setup to Start of Write sol 
t{WHAX Address Hold after End of Write i 
tWLQZ | ¢+wz |Write Enable to Output Disable | 9| 201 


40) 
i 
/o 
ol 
0 
| crow ours rave aterensorwrie | s|_| s 


WRITE CYCLE 2: E1 OR E2 CONTROLLED?" 


en 55 : ' 
te30l- 1690 - | 1630L- | 4630L- 

SYMBOL LIT 

PARAMETER mn 100 120 | tle 

a a a sols 


2oltavav | two | WriteCycleTime 48] 55] [vol [tool azo | [rst 
ae eee a [aot feof [vo] asl 
silteert tow | ChipEnablettoendorwrite | a5|_ | of [40 |_| eo] | 70 | [rst | 
22lteneall tow | ChipEnable2toendofwrite | 35|_ | aol [40 | [60] | 70] ns] 
S3lrovern| tow| DataSetuptoendofwrite | 20|_ [aol [20 | | 40] | ao] [rst | 
4lterHox| tow | DataHold after End of write | of | of {ol | of | of [ns| | 
S5|taver | taw | Address Setup to End of write | a5|_ | ao| {40 | | 80] | es | (ns| | 
Sei eesti ari eof a SO 
Coenen orn Me of | of | of Inst | 
SOS eae a ae 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 

Note g: E1,E2, Gand W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 

Note h: E1, or W must be = Vin or E2 must be < Vit during address transitions. 

Note i: If Wis low when the later of E1 goes low or E2 goes high, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 
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WRITE CYCLE 1 


ADDRESS 


EI INNA: bm 


21 tE2HWH 


E2 SLL LH \ANAAARAAANI 
24 tAVWH . 26 \WHAX 
— 1 <@— 19 tWLWH 
Ww KOA 
22 
{DVWH 
: 23 tWHDX 
yocoatainy [SSAA YX 
27 \WLOZ 28 tWHOX 
/O (DATA OUT) HIGH IMPEDANCE 
WRITE CYCLE 2 
ADDRESS 
E1 
E2 
36 tE1HAX 
Ww 


1/0 (DATA IN) aa 
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DEVICE OPERATION 


__ The IMS1630L has four control inputs, Chip Enable1 
(E1), Chip Enable 2 (E2), Write Enable (W) and Output 
Enable (G). There are also13 address inputs (AO -A12) 
and eight Data I/O lines (1/O 1 to I/O 8). The Enable inputs 
control device selection as well as active and standby 
modes. The W input controls the mode of operation (Read 
or Write). The G input controls only the state of the eight 
output drivers. 

With both E1 low and E2 high, the device is selected 
and the 13 address inputs are decoded to select one 8-bit 
word out of 8K words. Read and Write operations on the 
memory cells are controlled by the Winput. With either E1 
high or E2 low, the device is deselected, the outputs dis- 
abled and the power consumption is reduced to less than 
one-fourth of the active mode power. G serves only to 
control the operation of the output drivers. When Gis high, 
the output drivers are in a high impedance state, indepen- 
dant of the E1, E2 and W inputs. 


READ CYCLE 


Aread cycle is defined as W > Vinmin with E1 < Vit max, 
E2 > VIH min and G < Vit max. Read access time is 
measured from the later of either E1 going low, E2 going 
high, valid address, or G going low. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while E1 
is low and E2 is high (with G low). The output remains 
active throughout READ CYCLE 1 and is valid at the 
specified address access time. The address inputs may 
change at access time andthe output remains valid fora 
minimum of tAXQX. As long as E1 remains low and E2 is 
high, the cycle time is equal to the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by the later of E1 going low, E2 going high 
or G going low. As long as address is stable when the 
later of E1 goes low or E2 goes high, valid data is at the 
output at the later of tE1LQV, tE2HQV or tGLQV. If 
address is not valid when the later of E1 goes low or E2 
goes high, the timing is as specified in READ CYCLE 1. 
Chip Enable access time is not affected by the duration of 
the deselect interval. 

The G signal controls the output buffer. G is required to 
be low (along with E1 low and E2 high) in order for 1/01 - 
1/O 8 to be active. 


WRITE CYCLE 


The write cycle of the IMS1630L is initiated by the later of E1 
or Wto transition froma high to a low or E2 transitioning from 
low to high. The G control will remove bus contention if held 
high throughout the duration of the write cycle. If Gis low 
during a W controlled write cycle (Write Cycle 1), the output 
buffer willbe turned on by the later of tE1LQxX after the falling 
edge of E1 or tE2HQxX after the rising edge of E2. The output 
buffer is then turned off within tWLQZ of the falling edge of 
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W. During this interval, it is possible to have bus conten- 
tion between devices with common input/output connec- 
tions. Therefore the recommended mode of operationis to 
keep G high during the write cycle. During a write cycle, 
data on the inputs is written into the selected cells and the 
outputs are floating. 

For any write cycle, tAVWL, tAVE1L, ortAVE2H must 
be met, depending on whether E1, E2 or W is the last to 
transition. After either W or E1 goes high or E2 goes low 
to terminate the write cycle, addresses may change. If 
address set-up and hold times are not met, contents of 
other cells may be altered in unpredictable ways. The 
fidelity of the W control signal is very important. Excessive 
ringing on high to low transitions may cause signals to rise 
above ViL max, violating the minimum W pulse width 
specification - tWLWH. 

WRITE CYCLE 1 waveform shows awrite cycle termi- 
nated by W going high. Data set-up and hold times are 
referenced to the rising edge of W. When W goes high 
while E1 is low and E2 is high, the outputs remain ina high 
impedance state (unless G is low). If G is low when W 
goes high at the end of awrite cycle the data read fromthe 
memory will be the same as the data just written into the 
memory. Thus, no data bus contention will occur. 

WRITE CYCLE 2 waveform shows a write cycle termi- 
nated by the later E1 going high or E2 going low. Data set- 
up and hold times are referenced to the later of the rising 
edge of E1 or the falling edge of E2. With either E1 high 
or E2 low the outputs remain in the high impedance state. 

When using WRITE CYCLE 1 proper management of 
the G control signal will avoid bus contention. If G is low 
when W goes high (with E1 low and E2 high) the output 
buffers will be active tWHQx after the rising edge of W. 
Data out will be the same as the data just written, unless 
the address changes. If input data from the previous cycle 
is still valid after the address changes, contention may 
result. Contention may also result if the device is selected 
(E1 low, E2 high, Glow) before W goes low and input data 
is valid early in the cycle. The recommended mode of 
operationis to keep G high except when reading data from 
the device, thus avoiding bus contention. 


TTL VS. CMOS INPUTLEVELS 


The INMOS 1630L is fully compatible with TTL input 
levels. The input circuitry of the IMS1630L is designed for 
maximum speed and also for conversion of TTL level 
signals to the CMOS levels required for internal operation. 
The IMS1630L consumes less power when CMOS levels 
are used instead of TTL levels. The lower CMOS Icc 
specifications (Icc3 and Icc4) may be achieved by using 
CMOS levels. The power consumption will be lower at 
typical TTL levels than at the worst case levels. 


POWER DISTRIBUTION 

The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1630L. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. The impedance 
of this path is determined by the series impedance of the 
power line inductance and the inductance and reactance 
of the decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very highfrequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 uF and be placed between each row of devices in the 
array. A larger tantalum capacitor of a sufficient value to 
eliminate low frequency ripple, should be placed near the 
memory board edge connection where the power traces 
meet the backplane power distribution system. These 
larger Capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off the 
memory board and atthe endof a long inductive path. The 
ground grid of the memory array should extendtothe TTL 
driver periphery circuit area. This will provide a solid 
ground reference for the drivers and prevent loss of 
operating margin due to differential ground noise. 


DATA RETENTION (L version only) (0°C < TA < 70°C) 


* Typical data retention parameters at 25 °C 
Note j: Parameter guaranteed but not tested 


Recovery Time (tr ) 


svmao. [ PARAMETER [MN TYF"[MAX[UNTS] __—=—=NOTES 
[Vor | Data Retenion Votage [20| |__| vote |vyy02Vor= (Veo-0avyE over 2) 
Ticcomt | ala Retenion Curent | | 10 [100] WA [Voo-a0vets 
Ticcone | ata Retention Curent | | 6 70] WA | Voo=20vis 
envoy | PeseeciTimetcoa fo | | | [ik 

Cel fs 
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TERMINATION 

Trace lines ona memory board inthe array look to TTL 
driver signals like low impedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use Series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 
dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of prede- 
termined value may not properly match the signal path 
impedance. The proper value of resistance should there- 
fore be selected empirically. A resistor of predetermined 
value may not properly terminate the transmission line. 

Proper power. distribution techniques, including ade- 
quate use of decoupling capacitors, and proper termina- 
tion of TTL drive outputs are some of the most important 
yet basic guidelines that need to be followed when design- 
ing and building a memory board. The guidelines are 
intended to maintain the operating margins of all devices 
on the memory board by providing a quiet environment 
free of noise spikes, undershoot, and excessive ringing. It 
is wise to verify signal fidelity by observation utilising a 
wideband oscilloscope and probe. 


j,k (tRo= Read Cycle Time) 


Note k: Supply recovery rate should not exceed 100mV per10ps from VprRto Voc min 


Vcc 


Data Retention Mode 
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FIGURE 1. OUTPUT LOAD 


Formed flat-pack 5.0V 

Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 4802 
PGA 

Small outline, Gull wing 1/O (Dour) 

PLCC, J-bend 30pF 
Sidebraze ceramic DIP 

Ceramic LCC 2550 OPE ME 
Plastic DIP aly FIXTURE) 
Sidebraze ceramic DIP = = 

(Skinny) Flat-pack 

Ceramic LCC 

(Skinny) Flat-pack 


<SAnVZXcCIOMIVND>D 


=| 
‘a 


Standby (Isb) 
Standby (Isb) 
Output disable 


I-Z 


als 
<< 
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ORDERING INFORMATION 


DEVICE | SPEED | PACKAGE | PARTNUMBER 


PDIP IMS1630LP45 
SOIC IMS1630LH45 
Skinny DIP IMS1630LP45Z 
PDIP IMS1630LP55 
SOIC IMS1630LH55 
Skinny DIP IMS1630LP55Z 
PDIP : IMS1630LP70 
SOIC IMS1630LH70 
Skinny DIP IMS1630LP70Z 
PDIP IMS1630LP10 
SOIC IMS1630LH10 
Skinny DIP IMS1630LP10Z 
PDIP IMS1630LP12 
SOIC IMS1630LH12 
Skinny DIP IMS1630LP12Z 
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PACKAGING INFORMATION 


28 Pin Plastic Dual-In-Line 


foim | —imenes. mim. 
INom | To!l_| Nom | Tol 


B>||< vl > el 


13 eae ra @—______—_—_»> 
ot a0 


28 Pin SOIC 


WAS lx .016/.012 


.406/.305 


IMS1630L 


28 Pin Skinny DIP 
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IMS 1605: 64K x1 
IMS 1625: 16K x4 


IMS 1629: 16K x 4 with Output Enable 
IMS 1626/7: 16K x 4 with Separate I/Os 


IMS 1635: 8Kx8 
IMS 1695: 8Kx9 


FEATURES 

INMOS' Very High Speed Double Metal CMOS 
Advanced Process-1.2 Micron Design Rules 
64K Bit Devices 

15, 20 and 25 ns Address Access Times 

15, 20 and 25 ns Chip Enable Access Times 
Fully TTL Compatible 

Single +5V + 10% Operation 

Battery Backup Operation - 2V Data Retention, 
101A typical at 25°C 

¢ Packages include: DIP, LCC and SOJ 

« Military Versions Available 


MEMORY ARRAY 
128 ROWS 
512 COLUMNS 


D COLUMN 1/0 CIRCUITS 


mi 


=| 


SOA Rt ARRAY 
512 COLUMNS 


With Output Enable 
Version 


November 1989 


IMS16X5 series 
High Performance 


Memory Products 
Advance Information 


DESCRIPTION 

The INMOS IMS16X5 series are high speed advanced 
64K double layer metal CMOS Static RAMs. 

The range features fully static operation requiring no 
external clocks or timing strobes, with equal access and 
cycle times. Achip enable function (E) that can be used to 
place the device into a low-power standby mode is avail- 
able onallorganisations. The 8K x 8 organisations provide 
an additional Chip Enable for reduced low-power standby 
mode. Output Enable (G) is an enhancement on organisa- 
tions requiring fast access to data and enhanced bus con- 
tention control. 

Military versions of the 16X5 are also available. 


16K x 4 (Separate Inputs and Outputs) 


MEMORY ARRAY 
1 
512 COLUMNS 


2° 


High impedance outputs 
during write mode 


~ Outputs track inputs 
— during write mode 


8K x8/8K x9 
AO 
MEMORY ARRAY 
128 ROWS 
512 COLUMNS 


19373S MOY 


= COLUMN I/O 


WWHWWW 


VOg 
VOo - 


Extra /O on x9 
Versions 
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2.1 Electrical specifications 


2.1.1 Absolute maximum ratings’ 


Symbol [ Parameter [win [Wax Unit 


Value on relative pin 
Voltage on I/O 


Temperature under bias 
Storage temperature 
Power dissipation 

DC output current 


(One output at a time, one second duration). 


2.1.2 DC aperating conditions 


Supply Voltage 

Supply Voltage 

Input Logic ‘1’ Voltage : 5|- All inputs 

Input Logic ‘0’ Voltage ; ; All inputs 
Ambient Operating Temperature 400 linear ft/min air flow 


*Vi.min. = —3.0V for pulse width <10ns, note b 


2.1.3 DC electrical characteristics (0°C < Ta < 70°C)(Vcc = 5.0V + 10%)? 


For suffixes refer to section 2.1.7. 


[Symbol | Parameter | Min | Max | Units | Notes 


Average Vcc Power Supply tavav = tavav(min). 
Current 


Vcc Power Supply Current E; > Vm or Eo < Vi. All 


'§tresses greater than those listed may cause permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


(Standby, Stable TTL Input 
Levels) 


Vcc Power Supply Current 
(Standby, Stable CMOS In- 
put Levels) 


Vcc Power Supply Current 
(Standby, Cycling CMOS In- 
put Levels) 


Input Leakage Current (any 
input) 


Off State Output Leakage 
Current 


Output Logic ‘1’ Voltage 
Output Logic ‘0’ Voltage 


other inputs at Vin < Vu or 
> Vin. 


E; > (Vcc — 0.2V) or Eo < 


0.2V. All other inputs at 
Vin < 0.2 or > (Voc — 0.2V. 


E; > (Vcc — 0.2V) or Eo < 


0.2V. Inputs cycling at Vin < 
0.2 or > (Voc — 0.2V. 


Veco = max. Vin = Vss to 
Voc. 


Vec = max. Vin = Voss to 
Voc. 


lon = —4MA. 
lot = 8mA. 


Exposure to absolute maximum rating conditions for extended periods may affect reliability. 
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2.1.4 AC test condition 


Input pulse levels Vss to 3.0V 
Input rise and fall times 5ns 
Input and output timing reference levels 1.5V 
Output load see figure 2.1 


VO (Dour) 


2550 ea (including scope and fixture) 


Figure 2.1 Output load 


2.1.5 Capacitance? 


Symbol [Wax [Units | Conditions 
a Input capacitance pF AV = 0 to 3.0V 
Output capacitance pF AV = 0 to 3.0V 


2.1.6 Recommended AC operating conditions (0°C < Ta < 70°C)(Vec = 5.0V + 10%) 


Read cycle? 


Symbol T 46X5-15 | 16X5-20 | 16X5-25 
| Stand. | Alt. | Parameter | min | max | min | max | min | max_ 
15 20 25 


tE1LaV Chip Enable Access Time 
teoHav Chip Enable Access Time 
tAVAV Read Cycle Time 
tavav Address Access Time 
teLav O/P Enable to Data Valid 
taxax O/P Hold After Add’s Ch’ge 
tesLox' Chip Enable to O/P Active 
te1HOz Chip Disable to O/P inactive 
teoHaz Chip Enable to O/P Active 
teoLaz Chip Disable to O/P Inactive 
teLax O/P Enable to O/P Active 
teHaz O/P Disable to O/P Inactive 
tE1LICCH Chip Enable to Power Up 
tE1LICCL Chip Disable to Power Down 
tEHICCH Chip Enable to Power Up 
tEeLicc Chip Disable to Power down 
I/P Rise and Fall Times 


OANOOAN — 


* Refer to section 2.1.7. 
' TeLox is always greater than Teyaz : 
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ADDRESS 


/O (Data Out) OUTPUT VALID 


Figure 2.2 Read cycle 1°¢ 


3 tavav 
aooness 


| 14 teqHIccL 


16 teariccL 
VO (Data Our 


13 tericcH 
15 teaniccu 


Figure 2.3 Read cycle 2° 
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Write cycle 1: W controlled?" 


ise Symbol 


| Alt. | Parameter al 
one | ee Cycle Time 

Write Pulse Width 

Chip Enable 1 to End of Write 
Chip Enable 2 to End of Write 
Data Setup to End of Write 
Data Hold after End of Write 
Address Setup to End of 
Write 

Address Setup to Start of 
Write 

Add’s Hold After End of Write 
Write Enable to Output Dis- 
able 

Output Active after End of 
Write 


Write cycle 2: E1 or E2 controlled?" 


Symbol 
Stand. | Alt. | Parameter 


tavav Write Cycle Time 

tWLWE1H Write Pulse Width 

te1LE1H : Chip Enable 1 to End of Write 

teoHeeL Chip Enable 2 to End of Write 

toveiH Data Setup to End of Write 

te1HDx Data Hold after End of Write 

taVE1H Address Setup to End of 
Write 

teiHax Address Hold after End of 
Write 

tAVEIL Address Setup to Start of 
Write 

tw.az Write Enable to Output Dis- 
able 


* Refer to section 2.1.7. 


2.1.7 


Notes 


Note a: Ico is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 
Note b: This parameter is sampled and not 100% tested. 

Note c: For Read Cycle 1 and 2, W is high for entire cycle. 

Note d: Device is continually selected, E1 low G low and E2 high. 

Note e: Measured between V,, max. and Vi, min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 

Note g: E1, E2, G and W must transition between Vj4 to Vi. or Vi to V4 in a monotonic fashion. 

Note h: E1 or W must be > Vy, or E2 must be < Vy, during address transitions. 

Note I: If W is low when the later of E1 goes low or E2 goes high, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 

Note k: Supply recovery rate should not exceed 100mV per 10us from Vopr to Vee min. 
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ADDRESS 


/O (Data In) 


/O (Data Out) 


ADDRESS 


r 


/O (Data In) 


/O (Data Out) 


ADDRESS VALID 


20 teywH 


Botan costs aoe ete ed 


21 teoHwH 


25 tavwe 19 twowH 


he 
\ 


24 tavwH 26 twHax 


22 tovwH 


DATA VALID 


23 twHpx 


27 twroz 
HIGH IMPEDANCE 


Figure 2.4 WRITE CYCLE 1 


ADDRESS VALID 


7 36 terHAx 
30 twieiH 


er, 


33 toveiH 


DATA VALID 


34 terHDx 


38 twiaz 
HIGH IMPEDANCE 


Figure 2.5 WRITE CYCLE 2 


IMS16X5 


2.1.8 Power distribution 


Recommended power distribution schemes combine proper power trace layout and placement of decoupling 
capacitors to maintain the wide operating margins of the IMS 16X5 series. The impedance in the decoupling 
path from the Vec power pin through the decoupling capacitor to the ground pin should be kept to a minimum. 
The impedance of this path is determined by the series impedance of the power line inductance and the 
inductance/reactance of the decoupling capacitor. 


Current transients associated with the operation of high speed memories have very high frequency compo- 
nents, so line inductance is the dominating factor. To reduce the line inductance, the power trace and ground 
trace should be gridded or provided by separate power planes. The decoupling capacitor supplies energy for 
high frequency current transients and should be located as near the memory as possible, with the shortest 
lead lengths practical. The high frequency decoupling capacitor should have a minimum value of 0.1yF and 
be placed between the rows of memory devices in the array. A larger tantalum capacitor for low frquency 
current transients should be placed near the memory board edge connection where the power traces meet 
the backplane power distribution system. These larger capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off the memory board and at the end of a long inductive 
path. The ground grid of the memory array should extend to the TTL driver periphery circuit. This will provide 
a solid ground reference for the drivers and prevent loss of operating margin due to differential ground noise. 


2.1.9 Termination 


Trace lines on a memory board in the array look to TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the reflections of the TTL signals propagating down the 
line, especially low going TTL signals, line termination is recommended. The termination may be either series 
or parallel. 


The recommended series termination technique uses no DC current and a minimum number of components. 
This is accomplished by placing a Series resistor in the signal line at the output of the TTL driver to dampen 
the reflection on the line. The termination resistor should be placed as close to the driver package as possible. 
The line should be kept short by placing the driver-termination combination close to the memory array. 


Some experimentation will have to be done to find the proper value to use for the series termination to 
minimise reflections, but generally a series resistor in the 10 to 33N range will be required. Because the 
characteristic impedance of each layout will be different, it is necessary to select the proper value of this 
resistor by trial and error. A resistor of predetermined value may not properly terminate the transmission line. 


Proper power distribution techniques, including adequate use of decoupling capacitors, and proper termination 
of TTL drive outputs are some of the most important yet basic guidelines that need to be followed when 
designing and building a memory board. The guidelines are intended to maintain the operating margins 
of all devices on the memory board by providing a quiet environment free of noise spikes, undershoot, and 
excessive ringing. It is wise to verify signal fidelity by observation utilizing a wideband oscilloscope and probe. 


IMS16X5 


~t DEVICE 


CAPACITOR 


Figure 2.6 Grid showing decoupling capacitors 


2.1.10 Data retention (low power versions only)(0°C < Ta < 70°C) 


[Symbol | Parameter | Min | Typ(25°C) ee 


Vopr Data Retention Voltage | 2.0 
15 oe pA 
10 pA 
ns 


Vin < 0.2V or > (Vcc—0.2V)E > 
(Vcc — 0.2V) 


Iccort Data Retention Current Vec = 3.0V 
locpRe2 Data Retention Current Voc = 2.0V 
teHvecL Deselect Time (tcpr) j,k 


j,k (tac = Read Cycle Time) 


tvccue. | Recovery Time (ta) 


* Refer to section 2.1.7. 


DATA RETENTION MODE 


Figure 2.7 Data retention 
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2.2 Packaging information 


2.2.1 Pin-outs and packages 


Chip carrier 
3) 
qq>< 


N= 
Neen A 


4 
2 
3 
4 
5 
6 
7 
8 
9 


ADODNDUNAWN—= 
O 
A, 
=) 


Figure 2.8 64K x 1 pin configuration 


Chip carrier 


w 
< 


“AO ODN OORWND — 
OON DOOR WNM — 


Figure 2.9 16K x 4 pin configuration 
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IMS16X5 


Chip carrier 


DIP and SOJ 


{ 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 2.10 16K x 4 (with output enable) pin configuration 


Chip tarrier 
DIP and SOJ 


Ao 28 Voc. 
A; 27 Ai3 
Az 26 Ai2 
Ag 25 Ai 
24 Ain — 
As 23 Ag 
Ag 22 Da 
Ay 21 D3 
Ag 20 Qs 
D; 10 19 Qs 
Do 11 18 Qo 
E; 12 17 
G 13 16 W 
Vss 14 15 E> 


Figure 2.11 16K x 4 (with separate Inputs and Outputs) pin configuration 


OOANMDAA AN + 
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Chip carrier 
DIP and SOJ 


re OO 
ses az 
w+ A = 


Figure 2.12 8K x 8 pin configuration 


4 
2 
3 
4 
5 
6 
7 
8 
9 


Chip carrier 
DIP and SOJ 


ced IS 
| | 


Figure 2.13 8K x 9 pin configuration 


COON OAAAND — 


11/12 


117 


IMS16X5 


2.3 Srctering information 


IMS1605z-15 
IMS16052-20 
IMS16052-25 
IMS16252-15 
IMS1625z-20 
IMS16252-25 
IMS1629z-15 
IMS1629z~20 
IMS16292-25 
IMS16262-15 
IMS1626z-20 
IMS1626z-25 


IMS1627z-15 

IMS1627 | 20ns | IMS1627z-20 
25ns_ | IMS16272-25 

15ns_ | IMS16352—15 

20ns_ | IMS1635z-20 

25ns_ | IMS1635z-25 


15ns_ | IMS16952—15 


20ns_ | IMS16952z-20 
25ns_ | IMS16952z-25 


Where z refers to packages P, S, E, or W. See also Appendix D. 
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FEATURES 
INMOS' Very High Speed CMOS 


256K x 1 Bit Organization 


Fully TTL Compatible 

Separate Data Input and Outputs 
Three-state Output 

24 Pin 300-mil DIP, SOJ and 

28 Pin LCC 

Single +5V + 10% Operation 
Power Down Function 


Advanced Process - 1.2 Micron Design Rules 


25,30, 35 and 45 ns Address Access Times 
25, 30, 35 and 45 ns Chip Enable Access Times 


IMS1800 
CMOS 


High Performance 


256K x 1 Static RAM: 


DESCRIPTION 


The INMOS IMS1800 is a high performance 256Kx1 
CMOS Static RAM. The IMS1800 provides maximum 
density and speed enhancements with the additional 
benefits of lower power and superior reliability. 

The IMS1800 features fully static operation requiring 
no external clocks or timing strobes, with equal access 
and cycle times. Additionally, the IMS1800 provides a 
Chip Enable function (E) that can be used to place the 
device into a low power standby mode. 

The IMS1800E is an extended temperature version 
pending military qualification of the IMS1800M. 


PIN CONFIGURATION LOGIC SYMBOL 


A8 AT AB Vcc AS 


ZERBELRS 


>>> 
N 


16 


1s {J ate 
14tLJD 
13 LIE 
WVss E oO Al2 
DIP and SOJ CHIP 
CARRIER 
a 


A,- A,z ADDRESS INPUTS DATA OUT 
W WRITE ENABLE | Vcc POWER (+5V) 
CHIP ENABLE GROUND 


D DATA INPUT 
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BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
1024 COLUMNS 
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IMS1800 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V "Stresses greater Mela te is rae Peeencia tag tal ee 
ache re may cause permanent damage to the device. This is a stress rating 
, only and functional operation of the device at these or any other 
Voltage on I/O............. user eateaie stud tates : 1.0 to 6.0V iv and functional operation of the devi h vo 
Temperature Under Bias................ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature ................000 -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation 14W conditions for extended periods may affect reliability. 


DC Output Current... .escsssssessececesesseenes 25mA 


(One output at a time, one second duration) 


DC OPERATING CONDITIONS 


/SYMBOL| PARAMETER | MIN 
Ves | SuppiyVotege | 
Input Logic "1" Voltage =e 
| -0.5* 
ae) 


2s eee 
= ar 


Input Logic "0" Voltage 


*Vi_ min = -3.0V for pulse width <10ns, note b 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta< 70°C) (Vcc=5.0V+ 10%)? 


SYMBOL PARAMETER | MIN | MAX| UNITS 
Average Vcc Power 
Supply Current _ 120} mA 
ee Vec Power Supply Current mA | E> Vi. All other inputs at 
(Standby,Stable 1 7i Input Levels) Vin < Vit or 2 Vin 
ies Vcc Power Supply Current mA | E2 (Vcc - 0.2V). All other inputs at 
(Standby, Stable CMOS Input Levels) Vin < 0.2 or 2 (Vcc - 0.2V) 


E 2 (Vcc - 0.2V). Inputs cycling at 
Vin < 0.2 or 2 (Vcc - 0.2V) 


Vcc = max 
Vin = Vss to Vcc 


tAVAV = tAVAV (min) 


Vin = Vss to Vcc 


Output Logic "1" Voltage 2.4 


t nye 0.4 
Output Logic "0" Voltage | 


lo. = 8MA 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


AC TEST CONDITIONS 


Input Pulse Levels 
Input Rise and Fall Times 


Input and Output Timing Reference Levels..1.5V 
Output Load See Figure 1 


CAPACITANCE? (Ta=25°C, f=1.0 MHZ) 


Note b: This parameter is sampled and not 100% tested. 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V +10%) 
READ CYCLE? 


Less gets eee sta 
aa ay PARAMETER 
arial ak aa aa 


fa oper Ps Ge fs [tat 

}2|tavav |tRc |ReadCycleTime _- —*(25 | _—f30 | = {as | | 45] | sfc 
/3|tavav |taa [Address Accesstime _—|_—*([25 | [30 | [35 | [45 | nsla | 
| 4 [taxax | ton [O/PHold AtterAddrsChige [3 | [3 | [3 | [3] | ns|_ | 
|S |teLax [tiz |ChipEnabletooPActve |3 | {3 {| [3 | |[3|{ [ns] _| 
eee [ive [Grin orneinOP ima fo Jao Jeo fe fan | att lh 
7 [teviccH tPu_ [Chip Enable to Power Up [0 |__| 0 [_ [ns| i | 
i bE Ie eT et let 
| |. [tt |inputRiseandFallTimes | [50 | [50 | | 50] | 50| ns| ej 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to.Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


naxaA-2C 


N 
Oo 
T 
E 
S 


READ CYCLE 1°4 


ADDRESS 


4 tAxQ 
ee) a (0,0) TS 


READ CYCLE 2° 


E 


HIGH IMPEDANCE 


Q (Data Out) 


7 tELICCH 
ACTIVE 


STANDBY 
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Voc = 5.0V #10%) 
WRITE CYCLE 1: W CONTROLLED?" 


U 

SYMBOL 1800- 1800- 1800- 1800- 1 
PARAMETER 25 30 35 45 T 

[stand | Alt | [Mn] MAX | MIN [MAX | Maxloan|max| S 


[a tavav [two [WriteCycleTime fas | fgo | =~] fas | ms] 
roftwnwilswe [wetePuse wah Lao] as] Tol [uo | =| 
Fiftewwes [row [on Enabietocndorwite [ao | [as] [ao] [ao [=| 
rovwti| tow [DataSeuptoerdorwrie Io Ive! last. [0 [os] 
DH 

V 


amaAaAOz 


oO 
x< 


H 
wiox [ton [DateHow aterenaorwrte | of | of [ol | ol [m=] 
avwni [raw [Address Seupioenaotwite [ao | las} [a0] [ao] [ns | _ 
raven [18 fol [ol _fol= |r 
fet fol fol rs | 
ai 


> 
< 
= 
= 


— /[4.4f/ —] — 
at, AT OTP 


16 | +WHA Address Hold after End of Write | 2 | 
171 waz | twz | Write Enable to Output Disable 68 
{WHOX Output Active After End of Write haba 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between ViH to Vit or Vit to Vin in a monotonic fashion. 
Note h: E, or W must be > Vin during address transitions. 

Note i: If Wis low when E goes low, the outputs remain in the high imBedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 2: E1 OR E2 CONTROLLED?" 


9 tAVAV 


ADDRESS 


11 tELWH 


AAAS ATL TITS. 


PE 14 tAVWH 16 tWHAX 
SS . <@— 10tWLWH jamal 
vy AAA 


m| 


12 
ee 13 tWHDX 
p(DaTAIN) [XBAI 


17 tWLQZ 


DATA UNDEFINED 


18 tWHQX 


Q (DATA OUT) HIGH IMPEDANCE 
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RECOMMENDED AC OPERATING CONDITIONS (0°c < Ta< 70°C) (Vcc = 5.0V 410%) 
WRITE CYCLE 2: E CONTRCLLED9:5 


| mm LS : : ee 3 
SYMBOL aan iy 1800- ie 
PARAMETER 35 T 
i mn ¢ |S 


fafavay fiwe [Wie GyeeTime sd amt co fas] [os] | 
oli | we [Wits Pusewiam | ao [asl [ool lao] [rs] _ 
les |i [npeminmentame Taal Tl [aol [al fl 
2e[toveH | tow [Date Seuproereaiwrie | rof | | [15] loo | [rs 
23|tevox | ton [Oatatod aterenaorwrie | of | of | of oo} || — 
2a} aven | caw [Adsress SeuptoEractwiie | aol Tas} lao} lao | [ns] 
25 |senax | wR [adiess How ater enaorwate | 2[ | 2[ | of [o] ns] — 
ae |raver [tas [AasressSeupteSianotwrie | of | of ] 0] [o| [ns] 
7 woz [we [wite Enabetoupudeabe | of w | of wl of vel oleo|ne| a1 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be > Vin during address transitions. 

Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


|) [wmaoz 


WRITE CYCLE 2 


ADDRESS 


26 tAVEL 


mJ 
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DEVICE OPERATION 


The IMS1800 has two control inputs, Chip Enable (/E) 
and Write Enable (/W), 18 address inputs (AO -A17), a 
Data In (D) and a Data Out (Q). The /E input controls 
device selection as well as active and standby modes. 
With /E low, the device is selected and the 18 address 
inputs are decoded to select one bit out of 256 Kbits. Read 
and Write operations on the memory cell are controlled by 
the /W input. With /E high, the device is deselected, the 
outputs are disabled and the power consumption is re- 
duced to less than one-third of the active mode power with 
TTL levels and even lower with CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Vin min with /E < Vit 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
is low. The output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time and 
long as /E remains low, the cycle time is equal to the 
address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the output at the 
specified Chip Enable Access time. If address is not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 


WRITE CYCLE 


The write cycle of the IMS1800 is initiated by the latter 
of /E or /W to transition from a high to a low. In the case 
of /W falling last, the output buffer will be turned on teLax 
after the falling edge of /E (just as in a read cycle). The 
output buffer is then turned off within twiaz of the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices with D and Q connected 
together in a common I/O configuration. Therefore input 
data should not be active until twLaz to aviod bus conten- 
tion. 


WRITE CYCLE 1 waveform shows a write cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of (W. When/W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
be the same as the input data unless the input data or 


address changes. 


WRITE CYCLE 2 waveform shows a write cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With/E high the output 
remains in the high impedance state. 


APPLICATION 


It is imperative when designing with any very high speed 
memory, suchas the IMS1800, that the fundemental rules 
in regard to memory board layout be followed to ensure 
proper system operation. 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1800. The impedance inthe decoupling path from the 
power pin through the decoupling capacitor to the ground 
pin should be kept to a minimum. The impedance of this 
path is determined by the series impedance of the power 
line inductance and the inductance and reactance of the 
decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the . 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices in the array. A larger tantalum capacitor of a suffi- 
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet ihe backplane power distribution 
system. These larger capacitors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
should extend to the TTL driver periphery circuit area. 
This will provide a solid ground reference for the TTL 
drivers and prevent loss of operating margin of the drivers 
due to differential ground noise. 
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ORDERING INFORMATION 


DEVICE | SpeED PACKAGE PART NUMBER 


Plastic DIP 
Ceramic DIP 
SOJ 

Ceramic LCC 
Ceramic LCC 
Plastic DIP 
Ceramic DIP 
SOJ 

Ceramic LCC 
Ceramic LCC 
Plastic DIP 
Ceramic DIP 
SOJ 

Ceramic LCC 
Ceramic LCC 
Plastic DIP 
Ceramic DIP 
SOuJ 

Ceramic LCC 
Ceramic LCC 


IMS1800 


Lead finish 


<SAnNnVAZRKRCIOMIVOD>D 


Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


IMS1800P-25 
IMS1800S-25 
IMS1800E-25 
IMS1800W-25 
IMS1800N-25 
IMS1800P-30 
IMS1800S-30 
IMS1800E-30 
IMS1800W-30 
IMS1800N-30 
IMS1800P-35 
IMS1800S-35 
IMS1800E-35 
IMS1800W-35 
IMS1800N-35 
IMS1800P-45 
IMS1800S-45 
IMS1800E-45 
IMS1800W-45 
IMS1800N-45 
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PACKAGING INFORMATION — 


24 Pin Plastic J Leaded Small Outline 


11 equal spaces @ 
2.54 


0.100 
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IMS1800 


24 Pin Ceramic Dual-In-Line 


a Be||< Bt >| e1 ~« |< 4—»| 
11 equal spaces @ <— E—> 
2.54 


0.100 


28 Pin chi a Carrier 


B1 


>< 


et 


9/9 


127 


EEEEEE 
ERE EERE 
ERR EERE 
EERE 
EERE Eee 
ERE 
a 


mmos: 


FEATURES 


* INMOS' Very High Speed CMOS 
« Advanced Process - 1.2 Micron Design Rules 
* 64K x 4 Bit Organization 
* 25, 30,35 and 45.ns Address Access Times 
e 25, 30,35 and 45 ns Chip Enable Access Times 
¢ Fully TTL Compatible 
* Common Data Input and Outputs 
¢ Three-state Outputs 
° 24 Pin 300-mil DIP, SOJ and 
28 Pin LCC 
* Single +5V + 10% Operation 
¢ Power Down Function 


PIN CONFIGURATION 


A7_ A6 NCVccNC 


NCVss E vO, 


DIP and SOJ CHIP 
CARRIER 


PIN NAMES 


A,-A,, ADDRESS INPUTS | Vcc POWER (+5V) 
Ww WRITE ENABLE | Vss GROUND 
E 


yoo DaTAIWoUT | 
cHIPENABLE | 


November 1989 


LOGIC SYMBOL 


IMS1820 
CMOS 
High Performance 


64K x 4 Static RAM 


DESCRIPTION 


The INMOS 1IMS1820 is a high performance 64Kx4 
CMOS Static RAM. The IMS1820 allows speed enhance- 
ments to existing 64K x 4 applications with the additional 
benefit of reduced power consumption . 

The IMS1820 features fully static operation requiring 
no external clocks or timing strobes, with equal access 
and cycle times. Additionally, the IMS1820 provides a 
Chip Enable function (/E) that can be used to place the 
device into a low power standby mode. 

The IMS1820E is an extended temperature version 
pending military qualification of the IMS1820M. 


BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
1024 COLUMNS 


<4 
AB AD AIO All A1ZA13 A14 AIS Y | 
WTI 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V “Stresses greater ee sles ee Eanes Ua nue 

: may cause permanent damage to the device. This is a stress rating 
Voltage on V/O........... Serra oe ree 1.0 - (Vec+0.5¥) only and functional operation of the device at these or any other 
Temperature Under Bias................ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature .................04 -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation 1W conditions for extended periods may affect reliability. 


DC Output Current... ceececcesesssessreseeeees 25mA 


(One output at a time, one second duration) 


DC OPERATING CONDITIONS 


V 


oe 
ee ree 
| Allinputs 


All inputs 


All inputs 
400 linear ft/min air flow 
* VIL min = -3.0V for pulse width < 10ns, note b 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta< 70°C) (Vcc =5.0V + 10%)? 


SYMBOL PARAMETER | MIN | UNITS | 
eee Average Vcc Power 
Supply Current 120; mA _|tAVAV = tAVAV (min) 
loco | Wec Power Supply Current mA | E1 > Vin or E2<ViL. All other inputs at 
Vin < Vit or 2 VIH 


(Standby,Stable TTL Input Levels) 


A |E1 > (Vcc - 0.2V) or E2 < 0.2V. All oth- 
er inputs at Vin< 0.2 or 2 (Vcc -0.2V 


E1 > (Vcc - 0.2V) or E2 < 0.2V. Inputs 
cycling at Vin < 0.2 or 2 (Vcc - 0.2V) 


Vcc = max 
Vin = Vss to Vcc 


ics Vcc Power Supply Current 
(Standby, Stable CMOS Input Levels) 
Vcc Power Supply Current 
cc4 | (Standby, Cycling CMOS Input Levels) 
Input Leakage Current (Any Input) 4 
Off State Output Leakage Current od 


Peas 
BECkee 


Vcc = max 
Vin = Vss to Vcc 


+1 
+10 


IOH = -4mA 


Output Logic "1" Voltage 
Output Logic "0" Voltage 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the outputs unloaded. 


AC TEST CONDITIONS FIGURE 1. OUTPUTLOAD 5 0v 
Input Pulse Levels .............cccccseeeesenes 
Input Rise and Fall Times. .................cccccerseeees 5ns 


lo. = 8mMA 


aad 
h 


Input and Output Timing Reference Levels..1.5V 4800 
OUTPUL LOAG «.sccevesveczsccasvessscenevnoveiies See Figure 1 
CAPACITANCE? (Ta=25°C, f=1.0 MHZ) VO 
SYMBOL| PARAMETER | MAX|UNITS|CONDITIONS 
30pF 
Input Capacitance | 4 | pF | AV = 0 to 3V 2550 INCLUDING 
COPE AND 
Court __| Output Capacitance | og | pF AV =0to3V 1 FIXTURE) 


Note b: This parameter is sampled and not 100% tested = 
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IMS1820 


RECOMMENDED AC OPERATING CONDITIONS (0°C ¢< Ta< 70°C) (Vcc = 5.0V +10%) 
READ CYCLE? 


IMS IMS ims | U |N 
[= ig eg PARAMETER T : 
eioiitat te s|s 


ri [tetav[tacs[ChpenaboAccessTime | | os] [a0 | [as] [asl ™| 
}2 | tAVAV | TRC [Read CycleTime | cle Time 30 f3o| [ss] fas] | ms] | 
Se ea er a 
[4 |taxax [ton lowpHoidatteradarschse | 3] | s| [3s | | sl | ms] | 
S|terox |tiz |chipenabletooPactve | 3{ | 3| [3 | | 3] [rs] | 
4 ctor te fcr Ose oP nade | oe} ote lo te eet 
7 [teticch|tPu_|ChipEnabletoPower Up | of | of [o} | of | ns| i 
[8 [tenicot|tPD_|ChipEnabletoPower Down| | 30| | 30 |__| 30| | 30| ns|_i 
| | [tt |inputRiseandraiitimes | | sol [so | [so] | so] ns 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°4 


ADDRESS 


‘oomon[ YK 


READ CYCLE 2° 


E 


Q (Data Out) HIGH IMPEDANCE 


7 tELICCH 
ACTIVE 


STANDBY 
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IMS1820 


RECOMMENDED AC OPERATING CONDITIONS (0°C <¢ Ta< 70°C) (Vcc = 5.0V +10%) 
WRITE GYCLE 1: W CONTROLLED?" 


U 
IMS IMS IMS N 
meee sok oe I 
PARAMETER T 
3 [3 lel | 


re ee Fst (35{ [as] [ns|_| 
oh ww owe rsof [40 | [vs] — 
Chip Enable to End of Write ee 
Data Setup to End of Write aol | ae] las} leo] ns] | 
Data Hold after End of Write rool | of | ol [ol Inst | 
Address Setup to End of Write 20 | 25{  [s0} [ao] Ins] | 
Address Setup to Start of Write ole col ol el tre le 
Address Hold after End of Write | 2} | 2} fo} fof [ns] | 
| 17|weaz | wz |Write Enable to Output Disable | ol ao | ol to | ol 15| ol 20 Ins lai 
a] wx] row [Ouput ave Atereraorwine Ts Pst Tsl [sl [nels 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E, or W must be 2 Vin during address transitions. 

Note i: If Wis low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


ama0z 


WRITE CYCLE 1 


ADDRESS 


11 tELWH 


F TNA MLLLLLLLLLL 


is 14 tAVWH 16 tWHAX 
15 tAVWL <4— 101WLWH ala 
W AAAS 


12 
iDVWH 
13 tWHDX 
ppatain) [Foran 
PONE Oe 1p! 18 tWHOX 
Q (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 
4/9 
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IMS1820 


RECOMMENDED AC OPERATING CONDITIONS (0°C ¢ Ta <¢ 70°C) (Vcc = 5.0V 10%) 
WRITE CYCLE 2: E CONTROLLED?:5 


[= are a 
PARAMETER 


pel _fsol fool fot fa 
rofewuss [rwe [WitePusewan | 20 | a5] [0] lao] ns] _ 
ge a ae ea Pa 
22| rover | tow [OataSeuptoeraotwrie | of | 42} [15] loo | [nal _ 
es[sexox [ton [Datation aterenaorwrte | of | of [ of | ol Insl _ 
raven [aw [Adress Setup enaofwiie | ao | a8| [a0] [40] —_|ns| _ 
Eg a 
ol fof of] [rst — 
{sear [ee [Wu baw voeerteas sta ole Total ole be 


Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 2 


ADDRESS 


ADDRESS VALID 


26 tAVEL 


mI 


25 tEHAX 


5/9 


133 


IMS1820 


DEVICE OPERATION 


The IMS1820 has two control inputs, Chip Enable (/E) 
and Write Enable (/W), 16 address inputs (AO -A15), and 
four data I/O lines. 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 16 address inputs are decoded to select one 4 bit 
word out of 64K words. Read and Write operations on the 
memory cell are controlled by the /W input. With /E high, 
the device is deselected, the output is disabled and the 
power consumption is reduced to less than one-third of the 
active mode power with TTL levels and even lower with 
CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Vin min with /E < ViL 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change inthe address inputs while /E 
is low. The output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time and 
long as /E remains low, the cycle time is equal to the 
address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the output at the 
specified Chip Enable Access time. If address is not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 


WRITE CYCLE 


The write cycle of the IMS1820 is initiated by the latter 
of /E or /W to transition from a high to a low. In the case 
of /W falling last, the output buffer will be turned on teLax 
after the falling edge of /E (just as in a read cycle). The 
output buffer is then turned off within twraz of the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices with D and Q connected 
together in a common 1/O configuration. Therefore input 
data should not be active until twLaz to aviod bus conten- 
tion. 


WRITE CYCLE 1 waveform shows a write cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of (W. When /W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
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be the same as the input data unless the input data or 
address changes. 


WRITE CYCLE 2 waveform shows a write cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With/E high the output 
remains in the high impedance state. 


APPLICATION 


It is imperative when designing with any very high speed 
memory, such as the IMS1820, thatthe fundemental rules 
in regard to memory board layout be followed to ensure 
proper system operation. 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1820. The impedance in the decoupling path from the 
power pin through the decoupling capacitor to the ground 
pin should be kept to a minimum. The impedance of this 
path is determined by the series impedance of the power 
line inductance and the inductance and reactance of the 
decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices in the array. A larger tantalum capacitor of a suffi- 
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet the backplane power distribution 
system. These larger capacitors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory hoard and at the end of a 
long inductive path. The ground grid of the memory array 
should extend to the TTL driver periphery circuit area. 
This will provide a solid ground reference for the TTL 
drivers and prevent loss of operating margin of the drivers 
due to differential ground noise. 


IMS1820 


ORDERING INFORMATION 


DEVICE | SPEED PACKAGE PART NUMBER 


Plastic DIP IMS1820P-25 
Ceramic DIP IMS1820S-25 
SOJ IMS1820E-25 
Ceramic LCC IMS1820W-25 
Ceramic LCC IMS1820N-25 
Plastic DIP IMS1820P-30 
Ceramic DIP IMS1820S-30 
SOJ IMS1820E-30 
Ceramic LCC IMS1820W-30 
Ceramic LCC IMS1820N-30 
IMS1820 Plastic DIP IMS1820P-35 
Ceramic DIP IMS1820S-35 
SOJ IMS1820E-35 
Ceramic LCC IMS1820W-35 
Ceramic LCC IMS1820N-35 
Plastic DIP IMS1820P-45 
Ceramic DIP IMS1820S-45 
SOJ IMS1820E-45 
Ceramic LCC IMS1820W-45 


Ceramic LCC IMS1820N-45 


Lead tinish 


Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 


<SAaAnVZzZXRcCLTOAMIVINOA>D 
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IMS1820 


PACKAGING INFORMATION 


24 Pin Plastic J Leaded Small Outline 


3.048 | 3.556 
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IMS1820 


24 Pin Ceramic Dual-In-Line 


, 


fm pa on 
Nom | Tol_| Nom | To! | 


B1 : e7 I~ 
11 equal spaces @ <— E—»> 
2.54 : 


0.100 


ale 


28 Pin aoe ae Carrier 
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[5 SGS-THOMSON mKerHosimkatH67(W.P) 


MICROELECTRONICS 


= 20, 25, AND 35NS ADDRESS ACCESS TIME 

» EQUAL ACCESS AND CYCLE TIMES 

-  20-PIN, 300 MIL PLASTIC 

» ALL INPUT AND OUTPUT PINS TTL COMPA- 
TIBLE, LOW CAPACITANCE, AND PROTEC- 
TED AGAINST STATIC DISCHARGE 

» 50a CMOS STANDBY CURRENT (MK41H67) 

s HIGH SPEED CHIP SELECT (MK41H66) 

x JEDEC STANDARD PINOUT 


TRUTH TABLE (MK41H66) 


| Mode | DQ | Power | 
H 


X = Don’t Care 


TRUTH TABLE (MK41H67) 


Twode [ba | Power | 


Write 
DESCRIPTION 


The MK41H66 and MK41H67 feature fully static 
operation requiring no external clocks or timing 
strobes, and equal address access and cycle times. 
Both require only a single + 5V + 10 percent power 
supply. Both devices are fully TTL compatible. 


The MK41H67 has a Chip Enable power down fea- 
ture which automatically reduces power dissipation 
when the CE pin is brought inactive (high). Standby 
power can be further reduced to microwait levels by 
holding the Address and CE pins at full supply rail 
voltages. 


The MK41H66 Chip Select pin provides a high 
speed chip select access, allowing fast read cycles 
despite decoder delays. 


October 1989 


-20/25/35 


16K x 1 CMOS STATIC RAM 


(Plastic Package) 


PIN NAMES 


Ao - Ai3 - Address WE - Write Enable 
CE - Chip Enable |GND - Ground 
(MK41H67) Voo-+5V 
CS - Chip Select D - Data In 
(MK41H66) Q - Data Out 


Figure 1 : Pin Connections. 


MK41H66/67 


*CS =MK41H66 : CE = MK41H67. 


1/10 
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MK41H66/MK41H67(N,P)-20/25/35 


The MK41H66 Chip Select pin provides a high 
speed chip select access, allowing fast read cycles 
despite decoder delays. 


OPERATIONS 
READ MODE 
The MK41H66/7 is in the Read Mode whenever WE 


(Write Enable) is high and CE/CS (Chip Ena- 
ble/Select) is low, providing a ripple-through access 


FIGURE 2. READ-READ-READ-WRITE TIMING 


/ 
L(y VALID OUT 


READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C<T,s70°C) (Vcc = 5.0 V + 10 percent) 


2/10 


sm ana. [nA| vue | ores 
SYM| PARAMETER | MIN | MAX | MIN | MAX | MIN | MAX | UNITS |NOTES 
tac |ReadCycleTime | 20 | | 25 || 8S || os | 
[tay | Address AccessTime || 20 | | 25 | | 85 | ons | ot 
tc. _| Chip Enable to Low-Z (MK41H67) ae. ed. ae i ee 
to. | Chip Select toLowz(mKatHes) =| 5 | | 5 | | S& || ons | 2 
toa _| Chip Select Access Time (wKatHes) | | 70] [12] || ns | 1 | 
tac [Read Command Hold Time | 0 | | 0] | o| | ns | 
[tow | Valid Data OutHoldTime || 5 | of 5 | | 5 || ns | 
Fez | Chip Enable to HighzwKeron | |e | | w |t| ns | 2 1 
twez | Write Enable to HighzZ a 


to any one of 16,384 locations in the static storage 
array. Valid data will be available at the Data Out- 
put pin (Q) within t,, after the last_address input 
signal is stable, providing that the CE/CS access 
time is satisfied. If CE/CS access time is not met, 
data access will be measured from the limiting 
parameter (tc,) rather than the address. The state 
of the Data Output pin is controlled by the CE/CS, 
and WE control signals. The Q may be in an indeter- 
minate state at to, , but the Q will always have valid 
data at tap. 


K our RRSARNI vata our) 
KG “our RXXARRXPK_vALIO OUT 


IST A SGS-THORISON 


MICROELECTRONICS 


140 


WRITE MODE 


The MK41H66/7 is in the Write Mode whenever the 
WE and CE/CS inputs are in the low state. CE/CS 
or WE must be high during address transitions. Ad- 
dresses must be held valid throughout a write cy- 
cle. The Write begins with the concurrence of a low 
on WE and CE /CS. Therefore, tas is referenced to 


FIGURE 3. WRITE-WRITE-WRITE-READ TIMING 


WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C <T,<70°C) (Voc = 5.0 V + 10 percent) 


PARAMETER 


Chip Enable/Select to End of Write 18 
twew| Write Enable to End of Write 
Data Setup Time 
Data Hold Time 


Write Enable to Low-Z 


A397, SES cnteeromes 


MK41H66/MK41H67(N,P)-20/25/35 


the latter occurring edge of CE/CS, or WE. 


If the output is enabled (CE/CS is low), then WE 
will return the output to high impedance within 
twez Of its falling edge. Data-In must remain valid 
toy after the rising edge of CE/CS or WE. 


/ \] KX XX 
C6 


RM 3/10 
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MK41H66/MK41H67(N,P)-20/25/35 


FIGURE 4. DATA RETENTION TIMING 
LOW Vcc DATA RETENTION TIMING (MK41H67) 


DATA RETENTION MODE 


LOW Voc DATA RETENTION CHARACTERISTICS 
(0°C <T, <70°C) 


[sym [PARAMETERS _——~—Sd:SOMIN 
TVon_[ Vee for Data Retention ——SCS~*idtCia 
‘coos [Data Retention Power Supply Curent [| _— 
‘icon | Chip Deselecton to Data Retention Time [| 0 
[ta _[Operation Recovery Time |g 


STANDBY MODE (MK41H67 Only) 


The MK41H67 is in Standby Mode whenever CE is 
held at or above Vy. 


7 


FIGURE 5. STANDBY MODE TIMING 


STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(0°C <T,<70°C) (Voc = 5.0 V + 10 percent) 


MK41H67-20/MK41H67-25|MK41H67-35 
SYM| PARAMETER | MAX | UNITS | NOTES 


ran [AX [wn [WAX [MIN 
‘ro [Chip Enable Hight Powerbown| | 0 | | a5 | |e [ ms | 
‘ey [Grip Enable Lowto Power ue [0] [o] [oe] [mm |] 


SIO ky SGS-THOMS 
Y/ f SROUerrines 
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APPLICATION 


The MK41H66/7 operates from a 5.0 volt supply. It 
is compatible with all standard TTL families on all in- 
puts and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. Additionally, because 
the outputs can drive rail-to-rail into high impedance 
loads, the 41H66/7 can also interface to 5 volt 
CMOS on all inputs and outputs. Refer to the nor- 
malized performance curves that follow. 


Since very high frequency current transients will be 
associated’ with the operation of the MK41H66/7, 
power line inductance must be minimized on the cir- 
cuit board power distribution network. Power and 
ground trace gridding or separate power planes can 


ABSOLUTE MAXIMUM RATINGS* 


MK41H66/MK41H67(N,P)-20/25/35 


be employed to reduce line inductance. Additionally, 
a high frequency decoupling capacitor should be 
placed next to each RAM. The capacitor should be 
0.1pF or larger. 


Though often times not thought of as such, the 
traces on a memory board are basically unter- 
minated, low impedance transmission lines. As 
such they are subject to signal reflections 
manifested as noise, undershoots and excessive 
ringing. Series termination in close proximity to the 
TTL drivers can improve driver/signal path im- 
pedance matching. While experimentation most 
often proves to be the only practical approach to 
selection of series resistors, values in the range of 
10 to 33 ohms often prove most suitable. 


Voltage on any Pin Relative to GND —1.0 to +7.0 


Ambient Operating Temperature (Ta) 


0 to +70 


Ambient Storage Temperature (plastic) —55 to +125 


Ambient Storage Temperature (ceramic) -65 to +150 
Total Device Power Dissipation ea 


Output Current per Pin 


* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or other conditions beyond those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°CsT,<70°C) 


GND Supply Voltage 


Logic 1 Voltage, All Inputs 
Logic 0 Voltage, All Inputs 


Parameter 


Average Power Supply Current 
TTL Standby Current (MK41H67 only) 


VoL Output Logic 0 Voltage (lout = + 8MA) 


- 0.3 


{a SGS-THOMSON ee ee ee Rec) 
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CAPACITANCE 
(Ty = 25°C, f = 1.0 MHz) 


Co Capacitance on Q pins 


1. Measured with load shown in Figure 6(A). 

2. Measured with load shown in Figure 6(B). 

3. All voltages referenced to GND. 

4. Vi. may undershoot to —2.0 volts for 200ns or less dur- 
ing input transitions. 

5. loci is measured as the average AC current with Voc 
= Vcc (max) and with the outputs open circuit. tcycle 
= min. duty cycle 100%. 

6. CE = Vip, All Other Inputs = Don't Care. 


AC TEST CONDITIONS 


INpUl LOVGIS:.2.64 vadaiddausee te dae bead haere 
Transition Times ...........-.02 cece cece eee 


Input and Output Signal Timing Reference Level 


Ambient Temperature..................02000- 
VGC teen Robe woe inne eee ene ee ame Salaries 


FIGURE 6. OUTPUT LOAD CIRCUITS 


470 OHMS 


DEVICE 
UNDER 
TEST 


PARAMETER 
Capacitance on input pins 
Co 


ave [WAX [UNITS [NOTES 
cays | | 0 | 
ee ee 


7. Voc (max) =CE=Voco —- 03 V 
GND + 03 V2Ag-Aq32=Vi_ (min) or Viy (max) 
=AopA132Vcc —03 V. Ali Other Inputs = Don’t Care. 

8. Input leakage current specifications are valid for all Vijy 
such that 0 V<Vin<Vcoc. Measured at Vcc = Vcc 
(max). 

9. Output leakage current specifications are valid for all 
VoutT such that 0 V<Voyt<Vcc; CE/CS = Vip and 
Vcc in valid operating range. 

10. Capacitances are sampled and not 100% tested. 


Sh se sla a Nic Ah a Ph ae dey RG Mee args doe eases a 15 V 
ee ee ee eee te ee 0°C to 70°C 
Se nr re ee ee ee 5.0 V + 10 percent 


DEVICE 
UNDER 
TEST 


240 OHMS 


* INCLUDES SCOPE AND TEST JIG. 


6/10 


ISTA SGS-THOMSON 


MICROELECTRONICS 


144 


MK41H66/MK41H67(N,P)-20/25/35 


NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


NORMALIZED CHIP ENABLE ACCESS TIME VS. LOGIC THRESHOLD VOLTAGE VS. 
AMBIENT TEMPERATURE V,,.=5.0V SUPPLY VOLTAGE T, =25°C 


EB 
AT | 


INPUT LOGIC LEVELS (V) 
Nae 
mime 
ee ee ee ee 
ee ee ee a a ee 
ee ES ee ie al 
in ee 
i ea 


THE TUTTE 
HOUMA cat 
rer 


NORMALIZED T,, 


AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


LOGIC THRESHOLD VOLTAGE VS. NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE V,,,. =5.0V OUTPUT LOADING V,,,=5.0 V T, =25° 


Oo 


Fa 


ECCEEENTH 
SRNR Se, 
Bea eRaNE 


s az 
wo 

: 3 a 
a 8 

2 : ea 
G z 

: : aie 
am fe} 

: : Re 


ese ey 


-60 -40 -20 


PACITANCE 
AMBIENT TEMPERATURE (°C) 2 adh 


NORMALIZED SUPPLY CURRENT VS. NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T,=0°C AMBIENT TEMPERATURE V,,,=5.0V 


TUTE TTT TT SSS ase 
i Heep She HE 
ceed eyelet 
Ele 
BRBER 


NORMALIZED Ik¢, 


NORMALIZED Ie, 


Ht Peete 
EH EEE 


4.2 4.4 46 48 


-60 -40 -20 0 20 40 60 80 100 120 


SUPPLY VOLTAGE (Vv) AMBIENT TEMPERATURE (°C) 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


MK41H66/MK41H67(N,P)-20/25/35 


Ce a Fs ae el ee 
a ei a es 
HS DR eae De De ee ae 
an a re ae oe 
es (se De ee 
ee ee ae 
ee es ee ee 
ee em (2 ee 
ae) cee Oe ee 
ae a ee ee ee 
= ee ee ae eee 


F 
t 
i 
i 
i 
f 
: 
i 
x 


SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE T, =25°C 


ee a Oe ee 
ae 2 a a a ee 
ile 72a ae ee a ee a ie 
LS 


NORMALIZED SOURGE AND SINK CURRENTS VS. 
SUPPLY VOLTAGE T, =25°C 
SUPPLY VOLTAGE (V) 


YY) GazIWWYON 


NUGERRERR ERR RR RMON 
4 NH 
NET 
PUNE 
FUN LETTE EE 
FRR ESR REN RRR 
STEED Nar Teer aril ale 
EVISU Ieee AnAE 
PLETE NUE 
RR HER SHEE GRANORAE 
ER NENT IIa 
ROEM HRSA RRRER Nano 
poe poet 


PTET TTT 
: itt yet, 


NORMALIZED SUPPLY CURRENT VS. 
CYCLE TIME V,,=5.0V T,=25°C 
ee se ee ee ee 
OUTPUT VOLTAGE (V) 
AMBIENT TEMPERATURE (°C) 


CYCLE FREQUENCY (MHz) 
NORMALIZED SOURCE AND SINK CURRENTS VS. 
OUTPUT VOLTAGE VOLTAGE Voc =5.0V Th =25°C 


w 
= 
re 


BOUNOS PINS) GaZITWWYON SPENDS ms 


99) qaZIVWHON | GAZIVWHON 
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MK41H66/MK41H67(N,P)-20/25/35 


MK 41H6X N 20 


Speed grade 


Package Type | 
N: Plastic DIP 


Device family and 
identification number 


SGS-THOMSON 
prefix 


ORDER CODES 


Part Number Package Type Temperature Range 
MK41H67N-20 20 Pin Plastic DIP 0°C to 70°C 
MK41H67N-25 20 Pin Plastic DIP 0°C to 70°C 


MK41H67N-35 
|MKaiHe6N-25 | 25m, 20 Pin Plastic DIP | Orc to 70°C 
jmkaiHeen-35 | ns | 20PinPlasticDIP_— | OC to 70°C 


(7 SGS-THOMSON — CO 
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PACKAGE DESCRIPTION 


20 PIN "N" PACKAGE PLASTIC DIP 


o.208]0.304) 
, 
908] 
6.058 


7.62 |8. .300 | . 


ret [e.oseleese| 2401270] | 
Fer [ae6|e.7e4) 080.10] | 
Fea | 7.82 [106] 200 | 400 | 
Pe face! [xeol | 


Notes : 1. Overall length includes 010 in flash on either end of the package. 
2. Package standoff to be measured per jedec requirements. 
3. The maximum limit shall be increased by 003 in when solder lead finish is specified. 
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{7 SGS-THOMSON «41 H68/mKa1H69(N.P) 


MICROELECTRONICS 


» 20, 25, AND 35ns ADDRESS ACCESS TIME 

m» EQUAL ACCESS AND CYCLE TIMES 

a 20-PIN, 300 MIL PLASTIC 

a» ALL INPUTS AND OUTPUTS TTL COMPATI- 
BLE, LOW CAPACITANCE, AND PROTECTED 
AGAINST STATIC DISCHARGE 

a 50uA CMOS STANDBY CURRENT (MK41H68) 

a TTL STANDBY CURRENT UNAFFECTED BY 
ADDRESS ACTIVITY (MK41H68) 

=» HIGH SPEED CHIP SELECT (MK41H69) 

» JEDEC STANDARD PINOUT 


TRUTH TABLE (MK41H68) 


ce [ WE | Wode [ba | Power 
[1 Twite [by [Aaive 
ew [Reet [Dour active 


TRUTH TABLE (MK41H69) 


eS [WE | ode [00 | Power 
re 


X : Don't care. 


im 


ie 


- 


DESCRIPTION 


The MK41H68 and MK41H69 feature: fully static 
operation requiring no external clocks or timing 
strobes, and equal address access and cycle times. 
Both require only a single + 5V + 10 percent power 
supply. Both devices are fully TTL compatible. 

The MK41H68 has a Chip Enable power down fea- 
_ ture which automatically reduces power dissipation 
when the CE pin is brought inactive (high). Standby 
power can be further reduced to microwatt levels by 
raising the CE pin to the full Vcc voltage. 

The MK41H69 Chip Select pin provides a high 
speed chip select access, allowing fast read cycles 
despite decoder delays. 


October 1989 


-20/25/35 


4K x 4 CMOS STATIC RAM 


(Plastic Package) 


PIN NAMES 


DQ) - DQ; - Data /O 
P| Vo - + Volts 


CS - Chip Select (MK41H69) 


Figure 1 : Pin Connections. 


MK41H68/69 


ono ni oo on & WD NO m= 


*CS = 41H69:CE =41H68 
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MK41H68/MK41H69(N,P)-20/25/35 

power can be further reduced to microwatt levels 
by raising the CE pin to the full Voc voltage. 
The MK41H69 Chip Select pin provides a high 


speed chip select access, allowing fast read cycles 
despite decoder delays. 


OPERATIONS 
READ MODE 


The MK41H68/9 is in the Read Mode whenever WE 
(Write Enable) is high and CE/CS (Chip Ena- 
ble/Select) is low, providing a ripple-through access 


FIGURE 2. READ-READ-READ-WRITE TIMING 


to data from four of 16,384 locations in the static 
storage array. The unique address specified by the 
12 Address Inputs defines which one of 4096 nib- 
bles of data is to be accessed. 


Valid data will be available at the four Data Output 
pins within ta, after the last_address input signal 
is stable, providing that the CE/CS access time is 
satisfied. If CE/CS access time is not met, data ac- 
cess will be measured from the limiting parameter 
(toa) rather than the address. The state of the four 
Data I/O pins is controlled by the CE/CS, and WE 
control signals. The data lines may be in an indeter- 
minate state at to,, but the data lines will always 
have valid data at tana. 


READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C <T,<70°C) (Veg = 5.0 V + 10 percent) 


Read Cycle Time 


7 
= 


tacs | Read Command Setup Time 


ton | Valid Data Out Hold Time 
Chip Enable to High-Z (MK41H68) 
Chip Select to High-Z (MK41H69) 


twez | Write Enable to High-Z 
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MK41H6X-20|MK41H6X-25|MK41H6X-35| 
SYM| PARAMETER MIN | MAX | MIN | MAX. 


20 | 
tay [Address Access Time || 20 
a ee 
pels 
| | 20 | 
|| 10 
a al 
tac |Read Command Hold Time | 0 | | 
a 
ee 
a eal 
La 


STA SGS-THOMSON 


25 | | 
| 25 | 
had 
Food 
| 25 


7 


MICROELECTRONICS 


150 


WRITE MODE 


The MK41H68/9 is in the Write Mode whenever the 
WE and CE/CS inputs are in the low state. CE/CS 
or WE must be high during address transitions. Ad- 
dresses must be held valid throughout a write cy- 
cle. The Write begins with the concurrence of a low 
on WE and CE /CS. Therefore, tac is referenced to 
the latter occurring edge of CE/CS, or WE. 


FIGURE 3. WRITE-WRITE-WRITE-READ TIMING 


MK41H68/MK41H69(N,P)-20/25/35 


If the output is enabled (CE/CS is low), then WE 
will return the outputs to high impedance within 
twez Of its falling edge. Care must be taken to avoid 
bus contention in this type of operation. Data-In 
must remain valid tp, after the rising edge of 
CE/CS or WE. 


WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C <T,<70°C) (Voc = 5.0 V + 10 percent) 


Data Setup Time 


ton Data Hold Time 
Write Enable to Low-Z 


IT See eee 


NOTES 
ko 
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FIGURE 4. DATA RETENTION TIMING 
LOW Vcc DATA RETENTION TIMING (MK41H68) 


DATA RETENTION MODE 


Ve 


LOW Vcc DATA RETENTION CHARACTERISTICS 
(0°C <T,=70°C) 


PARAMETERS 


Vec (min) 


Voc for Data Retention 
Data Retention Power Supply Current 
Chip Deselection to Data Retention Time 
Me | Operation Recovery Time 


STANDBY MODE (MK41H68 Only) 


The MK41H68 is in Standby Mode whenever CE is 
held at or above Vj. 


tac 


FIGURE 5. STANDBY MODE TIMING 


STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(0°C <T,=70°C) (Voc = 5.0 V + 10 percent) 


MK41H68-20/MK41H68-25|MK41H68-35 
SYM| PARAMETER UNITS | NOTES 


mn ax | mn [ax [AX 
‘to [Chip Enable Highto Power Down | | 20 | | as] [as | ne [| 
Chip Enable Low wo Power Up | 0 | [| o| [o| |= | 


_ 4/10 : 
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APPLICATION 


The MK41H68/9 operates from a 5.0 volt supply. It 
is compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. Additionally, because 
the outputs can drive rail-to-rail into high impedance 
loads, the 41H68/9 can also interface to 5 volt CMOS 
on all inputs and outputs. Refer to the normalized 
performance curves that follow. 


Since very high frequency current transients will be 
associated with the operation of the MK41H68/9, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 


MK41H68/MK41H69(N,P)-20/25/35 


ground trace gridding or separate power planes can 
be employed to reduce line inductance. Addition- 
ally, a high frequency decoupling capacitor should 
be placed next to each RAM. The capacitor should 
be 0.1 yF or larger. 


Though often times not thought of as such, the 
traces on a memory board are basically untermi- 
nated, low impedance transmission lines. As such 
they are subject to signal reflections manifested as 
noise, undershoots and excessive ringing. Series 
termination in close proximity to the TTL drivers can 
improve driver/signal path impedance matching. 
While experimentation most often proves to be the 
only practical approach to selection of series resis- 
tors, values in the range of 10 to 33 ohms often 
prove most suitable. 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to GND ............. ccc eee een eee —1.0 V to +70 V 
Ambient Operating Temperature (Ta) ..... 0... ccc cece eee e eee ee neaee 0°C to +70°C 
Ambient Storage Temperature (Plastic)... ....... 0.0... cc ccc eee tenes —55°C to +125°C 
Ambient Storage Temperature (Ceramic) ......... 0... 0... ccc cee eens —65°C to +150°C 
Total Device Power Dissipation. .......... 0.0... cc eee ee eee eee enna 1 Watt 
Output Cument 0er Pils 655 Ge nis ont ey owen 2 kao we ws awe SORE Wa ee ce eS 50 mA 


*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or other conditions beyond those indicated 
in the operational section of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C<T,<70°C) 


[ev [PARAMETER SCN 
[Veo | Suppiy votage—SSSSC~dSC 
Teno” | SuppiyVotage———SSSC*dC 
[Vir | tosie tvotage Atinpus ——~«t—a 
Tv. [Locie OVotage, ainpus | 09 


DC ELECTRICAL CHARACTERISTICS 
(0°C <T,=70°C) (Vcc = 5.0 V + 10 percent) 


[sv [PARAMETER 
[ccs | GMOS Standby Current (wiiH68 ony) | 
ri, [Input Leakage Curent (any input Pn) | —¥ 
Tox | Output Leakage Curent (Any Output Pry | 10 _ 
ee a 
a 


SYM 

he 

lo 

Von Output Logic 1 Voltage (Inyr = —4 mA) 
Vo 


Output Logic 0 Voltage (Iony7 = +8 mA) 


i SGS-THOMSON 
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CAPACITANCE 
(T, = 25°C, f = 1.0 MHz) 


SYM 
C; 
Capacitance on DQ pins 


1. Measured with load shown in Figure 6(A). 

2. Measured with load shown in Figure 6(B). 

3. All voltages referenced to GND. 

4. Ioc1 is measured as the average AC current with Voc 
= Vcc (max) and with the outputs open circuit. tcycle 
= min. duty cycle 100%. 

5. CE = Vip, All Other Inputs = Don’t Care. 


AC TEST CONDITIONS 


PARAMETER TYP 


svm 
[e,_[Gapacttance oninputins ———SC~idCiCSdC 


6. Vcc (max) =CE=Vcc — 0.3 V, All Other Inputs = 
Don't Care. 

7. Input leakage current specifications are valid for all Viny 
such that 0 V<Vin.<Voc. Measured at Vcc = Voc 
(max). 

8. Output leakage current specifications are valid for all 
Vout such that 0 V<Voyt<Vcc, CE/CS = Vip and 
Vcc in valid operating range. 

9. Capacitances are sampled and not 100% tested. 


INDULLEVEIS: 4c e-toc os tae ee nae teehee ee ae eee eeu es GND to 3.0 V 
TRANSHION VIMOS se acts hi koe ara ars ae tk ates Da eee ben E Bp ee ah ds eed 6 eae ee 5 ns 
Input and Output Signal Timing Reference Level ............ 0.0.0... cece eee ene ee 15 V 
Ambient Tembpeiatures: ¢:44.6.200 ceciwca ta ae eaawtnd betas Risers ea dae eee aes 06°C to 70°C 


Voc Pe er er ee De Oe Se DD 


FIGURE 6. OUTPUT LOAD CIRCUITS 


470 OHMS 


DEVICE 
UNDER 
TEST 


ON acauis esti eae Rnd Casino ane 5.0 V + 10 percent 


470 OHMS 


DEVICE 
UNDER 
TEST 


240 OHMS 


* INCLUDES SCOPE AND TEST JIG. 
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MK41H68/MK41H69(N,P)-20/25/35 
NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


NORMALIZED SUPPLY CURRENT VS. NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T, =0°C AMBIENT TEMPERATURE V,, =5.0V 


TT) SER 
SUTEREERUUURERED 2400 

SEREERRUUUEED? 00000 
SUREERRUUDPZOURUOUUE 
Ce 
RAUOPCaAMUELERERLELE 
Pet 
sSURERROEEEAOAOUUREE 
4 42 6 4 5 §.2 54 5 58 6 


44 4 
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) 


NORMALIZED lec, 
NORMALIZED Iocy 
eee Fea estes | 
ERe Ree ae 
SReERREP AREER 
ER RAS RRR 
ee eae 


rea Aca 


NS 
ee WE es | | 


P dee SERRE 


SERRE EEE 
Pe AD Pe 
PTT YT | | 
EE AGaRaee 
a, Sea eeReee 


NORMALIZED SUPPLY CURRENT VS. NORMALIZED ACCESS TIME VS. 
CYCLE TIME V,,=5.0V T, =25°C SUPPLY VOLTAGE T,,=25°C 


& 
< 
ra] 
u 
= 
al 
< 
= 
c 
9 
z 


NORMALIZED T,, 


2 52 54 56 58 6 


4. 44 46 48 5 


CYCLE FREQUENCY (MHz) SUPPLY VOLTAGE (V) 


NORMALIZED ACCESS TIME VS. NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE V,,.=5.0V OUTPUT LOADING V,,.=5.0V T,=25°C 


NORMALIZED Tce, 


NORMALIZED T.., 


AMBIENT TEMPERATURE (°C) CAPACITANCE (pF) 
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MK41H68/MK41H69(N,P)-20/25/35 


NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


LOGIC THRESHOLD VOLTAGE VS. LOGIC THRESHOLD VOLTAGE VS. 
AMBIENT TEMPERATURE V,,.=5.0V SUPPLY VOLTAGE T, =25°C 


PE) CREE 
ne SRR | Hn be 
Pee ha Fee eee eneee aaa 
ee claksVcl fal tele lal DER OR EGER Pe seen 
Beceem ene aie 
ALEGRE Utaeeeeeeeess sea = 
FRR RRR See eee 
TER eeeeee ST Ome ie (chek Piste! 
ee alte EI | Pere erence ie) 


. 5 


52 54 56 5.8 6 


ol 


INPUT LOGIC LEVELS (Vv) 
INPUT LOGIC LEVELS (V) 


AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) 


NORMALIZED SOURCE AND SINK CURRENTS VS. NORMALIZED SOURCE AND SINK CURRENTS VS. 
OUTPUT VOLTAGE V,,=5.0V T, =25°C SUPPLY VOLTAGE T, =25°C 
1.9 


oe eae 
| ee 


NORMALIZED Isink/Isource 


cena cea 
a al 
rag) eae eed 
ff 
a ae 
a 
Ge ieee 
ae 
ss ee a 
ae oe aes 
a a, 
er 
ee ae 
ae 


OUTPUT VOLTAGE (V) SUPPLY VOLTAGE (V) 


NORMALIZED SOURCE AND SINK CURRENTS VS. 
AMBIENT TEMPERATURE V,,=5.0V 


NORMALIZED Isink/tsource 


AMBIENT TEMPERATURE (°C) 
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MK41H68/MK41H69(N,P)-20/25/35 


MK 41H6X N 20 


Speed grade 


Package Type 
N: Plastic DIP 


Device family and 
identification number 


SGS-THOMSON 
prefix 


ORDER CODES 


MK41H69N-25 20 Pin Plastic DIP 0°C to 70°C 
MK41H69N-35 20 Pin Plastic DIP 0°C to 70°C 


fy, SGS-THOMSON 9/10 
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MK41H68/MK41H69(N,P)-20/25/35 


PACKAGE DESCRIPTION 


20 PIN "N" PACKAGE, PLASTIC DIP 


[et faoslaoe| oso 11 
Pen | 7.8 [10.16] 200 [200 


Notes: 1.QOverall length includes .010 in. Flash on either end of the package. 
2. Package standoff to be measured per jedec requirements. 
3. The maximum limit shall be increased by .003 in. When solder lead finish is specified. 
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(7 SGS-THOMSON = MK41H78/79(N,P) 
S/ | MICROELECTRONICS -20/25/35 


4K x 4 CMOS STATIC RAM 


a 20, 25, AND 35ns ADDRESS ACCESS TIME 

m EQUAL ACCESS AND CYCLE TIMES 

a 22-PIN, 300 MIL PLASTIC 

mw ALL INPUTS AND OUTPUTS TTL COMPATI- 
BLE, LOW CAPACITANCE, AND PROTECTED 
AGAINST STATIC DISCHARGE 

« TTL STANDBY CURRENT UNAFFECTED BY 
ADDRESS ACTIVITY 

m SEPARATE OUTPUT ENABLE CONTROL 

a FLASH CLEAR FUNCTION 


(Plastic Package) 


Figure 1 : Pin Connection. 


DESCRIPTION 


The MK41H78/79 features fully static operation re- 
quiring no external clocks or timing strobes, and 
equal address access and cycle times. It requires a 
single + 5V + 10 percent power supply and is fully 
TTL compatible. 


The device has a Chip Enable power down feature 
which automatically reduces power dissipation 
when the CE pin is brought inactive (high). Standby * Applies to MK41H79 only. 
power can be further reduced by raising the CE pin 
to the full Vcc voltage. An Output Enable (OE) pin 
provides a high speed tristate control, allowing fast 


read/write cycles to be achieved with the common- PIN NAMES 
I/O data bus. 
Flash Clear operation is provided on the MK41H79 eo ii OUess 


via the CLR pin, and CE active (low). A low applied DQpo - DQ3 - Data I/O 
to the CLR pin clears all RAM bits to zero, making 


CLR - Flash Clear | GND - Ground 


it especially useful for high speed cache and buffer — = 
storage applications. CE - Chip Enable i Voo-+5V00 - + 5V 


October 1989 4/14 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage’on any Pin Relative to GND - 1.0 to + 7.0 V 

Ambient Operating Temperture (Ta) 0 to 70 

Ambient Storage Temperature (plastic) - 55 to + 125 
A 


Ambient Storage Temperature (ceramic) - 65 to +150 
Total Device Power Dissipation 


* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or other conditions beyond those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


TRUTH TABLE 


X = Don't Care 
* Applies to MK41H79 only. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


Parameter 


| Min, 
| Supply Voltage | 


Parameter 


2/14 
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MK41H78/MK41H79(N,P)-20/25/35 


CAPACITANCE (Tj = 25°C, f = 1.0MHz) 


eyes parameter Tet 


| Ci __| Capacitance on Input Pins eee Se a ee ee 
| Ce___| Capacitance on DQ Pins ae Se eee we se 3 Ne 


Notes : 1. Measured with load shown in figure 2(A). 
2. Measured with load shown in figure 2(B). 
3. All voltages referenced to GND. 
4. Icc1 is measured as the average AC current with Vcc = Vcc (max) and with the outputs open circuit. tac = tac (min) 
is used. 
5: 
6. 
7 
8 


CE = Vin, all other inputs = Don't Care. 
Vcc (max) 2 CE 2 Vcc - 0.3V, all other inputs = Don't Care. 
. Input leakage current specifications are valid for all Vin such that OV < Vin < Vcc. Measured at Vcc = Voc (max). 
. Output leakage current specifications are valid for all Vour such that OV < Vour < Vec, CE = Vin and Vec in valid 


AC TEST CONDITIONS 


INDUt LeVGlS<s ..5.8a sear Bethan tad Ree See eae ater ee seat ca aeneds GND to 3.0V 
PANSIIOMTUMOS? Mack a a8 arcade aw beemael a ohio tele as eee ean aera Sns 

Input and Output Signal Timing Reference Level............ 0... cece ee eee eee 1.5V 

AMDIENt TEMpPSrature: «025.0% ces sas eed se otadyoeweus Sewew dees decane wade 0°C to 70°C 

CG agatha a tina tet caine ais ns eee eee Sane ee ae egies era Scene or 5.0V + 10 percent 


Figure 2: Output Load Circuits. 


* INCLUDES SCOPE AND TEST JIG. 
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S/ MICROELECTRONICS , 
161 
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OPERATIONS 


READ MODE 


The MK41H78/79 is in the Read Mode whenever 
WE (Write Enable) is high and CE (Chip Enable) is 
low, providing a ripple-through access to data from 
four of 16,384 locations in the static storage array. 
The unique address specified by the 12 Address In- 
puts defines which one of 4096 nibbles of data is to 
be accessed. 


Figure 3 : Read—read—read-write Timing. 


Valid data will be available at the four Data Output 
pins within taa after the last address input signal is 
stable, providing that the CE and_OE (output Ena- 
ble) access times are satisfied. If CE or OE access 
times are not met, data access will be measured 
from the limiting parameter (tcea or toga) rather than 
the address. The state of the four Data I/O pins is 
controlled by the CE, WE and OE control signals. 
The data lines may be in an indeterminate state at 
tceL and toe, but the data lines will always have 
valid data at taa. 


RYOXY LA} YY? 
RY XXMKLXX 
RY 


AC ELECTRICAL CHARACTERISTICS (read cycle timing) 


(O°C <T, < 70°C) (Veg = 5.0V + 10 percent) 


i &7 SGS-THOMSON 
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WRITE MODE 


The MK41H78/79 is in the Write Mode whenever the 
WE and CE inputs are in the low state. CE or WE 
must be high during address transitions. Addresses 
must be held valid throughout a write cycle. The 
Write_begins with the concurrence of a low on WE 
and CE. Therefore, tas is referenced to the latter oc- 


Figure 4 : Write—write—write-read Timing. 


MK41H78/MK41H79(N,P)-20/25/35 


curring edge of CE or WE. The write cycle is ter- 
minated by the earlier rising edge of CE or WE. 


If the output is enabled (CE and OE low), then WE 
will return the outputs to high impedance within twez 
of its falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-In must 
remain valid tow after the rising edge of CE or WE. 


AC ELECTRICAL CHARACTERISTICS (write cycle timing) 


(0°C <T, < 70°C) (Voc = 5.0V + 10 percent) 


Write Cycle Time 


ar Address Stable to End of Write 
Chip Enable to End of Write 


a Data Setup Time 


tWeEL 


MK41H7X-20 |MK41H7X-25 |MK41H7X-35 


Address Setup Time 6d 
| 
Address Hold after End of Write oe 


Data Hold Time Or 4 


two 
tas 
taw 
tay 
toe 
bs 
tou 
[iver | Wite Enable tow? 


(7, SGS-THOMSON — 
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FLASH CLEAR 


A Flash Clear cycle sets all 16,384 bits in the RAM 
to logic zero. A Clear begins at the concurrence of 
a low on Chip Enable (CE) and Flash Clear (CLR). 
A Clear may be ended by a high on either CE or 
CLR. A low on CLR has no effect if the device is dis- 


abled (CE high). A Clear may be executed within 
either a Read or a Write cycle. Figure 4 illustrates a 
Clear within a Read cycle. Clears within Write cycles 
are constrained only in that Write timing parameters 
must be observed as soon as the Flash Clear pin 
returns high. 


Figure 5 : Last Read-flash Clear—first Write (MK41H79 only). 


DQ, - 00, 


X ED | FIRST WRITE ADDRESS 


CAUTION : Application of transient levels below VIH minimum on the CLR input during normal operation may result in par 


tial flash clear. 


AC ELECTRICAL CHARACTERISTICS (clear cycle timing) 


(0°C < Ta < 70°C) (Vee = 5.0 ar 10%) 


tcEec 
tex Clear to Inputs Don’t Care 
tor 
Clear to Write Enable Don’t Care 


Fimin. [ ax. | atin, | Max. 

[eco | Fash GearGyeTime ———=i«dp zo || oo] 
[eee | Chip Enabie Low io End of lear «0 | | so | 
[Tour | Flash Clear Low to End of lear | 38 | | 4 | 
ye ce A A 
[ten | End of Clear to inputs Recognized 0 | | 0 | 
rs ee 

eae es ae 


Valid Data Out Hold from Clear 5 


. 
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——— _ Kyf Sicsontecrmenses 


164 


STANDBY MODE 


The MK41H78/79 is in Standby Mode whenever CE 


is held at or above Vin. 


Figure 6 : Standby Mode. 


MK41H78/MK41H79(N,P)-20/25/35 


AC ELECTRICAL CHARACTERISTICS (standby mode) 


(0°C <T, < 70°C) (Voc = 5.0V + 10 percent) 


tep 
Chip Enable Low to Power up 


APPLICATION 


The MK41H78/79 operates from a 5.0 volt supply. 
It is compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. Additionally, because 
the outputs can drive rail-to-rail into high impedance 
loads, the 41H79 can also interface to 5 volt CMOS 
on all inputs and outputs. Refer to the normalized 
performance curves that follow. 


Since very high frequency current transients will be 
associated with the operation of the MK41H79, 
power line inductance must be minimized on the cir- 
cuit board power distribution network. Power and 
ground tracegridding or separate power planes can 
be employed to reduce line inductance. Additionally, 
a high frequency decoupling capacitor should be 


Piwin, [Max. | Min. [ Max. | Min. [ Max. 
[tee | Chipenable vighioPowerdown | | 20 |e [5 [ms] 
To rns | 


placed next to each RAM. The capacitor should be 
0.1uF or larger. A pull-up resistor is also recom- 
mended for CLR on the MK41H79. This will ensure 
that any low going system noise, coupled onto the’ 
input, does not drive CLR below Vin minimum 
specifications. 


Though often times not thought of as such, the 
traces on a memory board are basically untermina- 
ted, low impedance transmission lines. As such they 
are subject to signal reflections manifested as noise, 
undershoots and excessive ringing. Series termina- 
tion in close proximity to the TTL drivers can improve 
driver/signal path impedance matching. While expe- 
rimentation most often proves to be the only practi- 
cal approach to selection of series resistors, values 
in the range of 10 to 33Q often prove most suitable. 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


=5.0V 


NORMALIZED SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE V 


NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T, =0°C 
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AMBIENT TEMPERATURE (°C) 
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Voe=5.0V T,=25°C 


NORMALIZED SUPPLY CURRENT VS. 
CYCLE TIME 
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SUPPLY VOLTAGE (V) 


CYCLE FREQUENCY (MHz) 


5.0V T,=25°C 


NORMALIZED ACCESS TIME VS. 


OUTPUT LOADING V.. 


co =5.0V 


NORMALIZED ACCESS TIME VS. 


AMBIENT TEMPERATURE V 
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CAPACITANCE (pF) 


AMBIENT TEMPERATURE (°C) 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


LOGIC THRESHOLD VOLTAGE VS. 
SUPPLY VOLTAGE T, =25°C 
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ae 


NORMALIZED SOURCE AND SINK CURRENTS 


NORMALIZED SOURCE AND SINK CURRENTS VS. 


T,=25°C 


SUPPLY VOLTAGE 


OUTPUT VOLTAGE Vo ¢ 
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MK41H78/MK41H79(N,P)-20/25/35 


Speed grade 
Package Type 

N: Plastic DIP 
Device family and 
identification number 
SGS-TTHOMSON 


prefix 


ORDER CODES 


TMeatH7eN-20 (| SCs —SCSC*dCSC« Pin Plas DIP | Oto TOO 
rwikatn7aN-20 | 20ns—*(| ee PinPasic DIP [0° to 700 
ukatn7en-25 [ans ———S~dYe Pin Pesto DIP | orto 7080 
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MK41H78/MK41H79(N,P)-20/25/35 


PACKAGE DESCRIPTION 


22 PIN "N" PACKAGE PLASTIC DIP 


a2 [o.oes|a.se|t20 | a40 | 
8 osei|o.sse|ors | oxt | 3 
rat [1.143[1.776| 048 [070] | 
Te [oana|0.so4|o008) o12 | @_ 
[0 [essos|26.7.020[ 1.080) 1 


35 | 
rer [609s|e.e5e) 240 270 | 
[ot [ezs|are oo 0] 


‘Notes : 1. Overall length includes 010 in flash on either end of the package. 
2. Package standoff to be measured per jedec requirements. 
3. The maximum limit shall be increased by 003 in when solder Jead finish is specified. 
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SGS-THOMSON 
NICROELECTRONICS 


ky 


m 4K xX 4 SRAM WITH ONBOARD 4 BIT COMPA- 
RATOR 

a 20, 22,25, AND 35ns ADDRESS TO COMPARE 
ACCESS TIME 

m EQUAL ACCESS, READ AND WRITE CYCLE 
TIMES 

m FLASH CLEAR FUNCTION 

m 22-PIN, 300 MIL PLASTIC 


DESCRIPTION 


The MK41H80 is a member of SGS-THOMSON 
Microelectronics 4K x 4 CMOS Siatic RAM family 
featuring fully static operation requiring no external 
clocks or timing strobes. Cycle Time and Compare 
Access Time are equal. The MK41H80 is powered 
by asingle + 5V + 10% power supply and the inputs 
and outputs are fully TTL compatible. 


The MK41H80 features an onboard 4 bit compara- 
tor that compares RAM contents and current input 
data. The result is an active high match on the 
MATCH pin or an active low miss on the MATCH pin. 
The MATCH pins of several MK41H80's can be nan- 
ded together to provide enabling or acknowledging 
signals to the data cache or processor. 


Tag data can be read from the data pins by bringing 
Output Enable (OE) low. This will allow data stored 
in the memory array to be displayed at the Outputs 
(DQo-DQ3). 

Flash Clear operation is provided on the MK41H80 
via the (CLR) pin. A low applied to the CLR pin clears 
all RAM bits to a logic zero. 


PIN NAMES 


Address Inputs 


Fish Clear 


Power (+ 5V) 


October 1989 


MK41H80(N) 
-20/22/25/35 


4K x 4 CMOS TAGRAM™ 


(Plastic Package) 


Figure 1 : Pin Connections. 


Plastic DIP 


Vcc 
A3 
A2 
A4 
Ao 
CLR 


DQ 3 
DQ2 
DQ 4 
DQQq 
12 MATCH 


oan oon fF WO PP — 
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MK41H80(N)—20/22/25/35 


Figure 2 : MK41H80 Block Diagram. 


ROW MEMORY 


ARRAY 
ADDRESS DECODER 128 ROWS 
BUFFER 


32 x 4 COL. 


CLEAR 
BUFFER 


4 


WRITE WRITE CTRL : 
ENABLE ver 
BUFFER DATA INPUT COLUMN COMPARATOR 

BUFFER VO 


COLUMN i COL. ADDR. 
OUTPUT DATA OUTPUT DECODE BUFFER 
ENABLE 


BUFFER 5 
BUFFER 4 Ay 


ABSOLUTE MAXIMUM RATINGS* 


value [unit 


* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the opera- 
tion sectionsof this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time 


TRUTH TABLE (MK41H80) 


Invalid Write Cycle 
Read Cycle 
Flash Clear Cycle 


X = Don’t Care 
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MK41H80(N)-20/22/25/35 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Tg < 70°C) 


Symbol Parameter 


Supply Voltage (referenced to Vss) 


Ground 


Input High (logic 1) Voltage, 
All Inputs (referenced to Vss) 


Input Low (logic 0) Voltage, 
All Inputs (referenced to Vss) 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C) (Vcc = 5.0V £10%) 


ail ee | Min. | Typ. | Max. 


loc1 Operating Current - Average Power Supply 120 mA 1 
Operating Current 
Input Leakage Current, Any Input | -1 | | AS 


Von Output High (logic 1) Voltage 2.4 V 
Referenced to Vss ;loy =- 4mA , 

VoL Output Low (logic 0) Voltage 0.4 V 
Referenced to Vss ;lo. = + 8MA 


AC ELECTRICAL CHARACTERISTICS (0°C < Ts < + 70°C) (Vcc = 5.0V + 10%) 


Value 
ees decisis: a 


AC TEST CONDITIONS 


IUDUT SVC IS cesses recur eons sas tines Yeccancs a suctases cae ek canna ae vac oahu apecn tees sceoemcinecs eotetaeuatteds GND to 3.0V 

THAPSINON: TURES iss cxnas sicusean eneistenavcadebeceseisasacisacnatecucdei agua deataecesasneesatentaeanasnereaa uaetareouaniausceee 5ns 

Input and Output Signal Timing Reference LeVel ..............cccessssssssssssceeecceceeseesesessessseees 1.5V 

AMDISht MEMPCPAtUl Ce scccessnsecservastsadedecetacascoucarsBanesssanvautiecevcasgeviees easeniayade ses dasdvaniaeecer andes 0°C to 70°C 

MGC sacsss awe base mate cineca vewensiesgesacacanatealewaanet beauiisualeagsulaseawedasitnpaadicanstecativ tau tee ia tecencareieeueeeetands 5.0V + 10 percent 
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MK41H80(N)~20/22/25/35 


Figure 3 : Output Load Circuits. 


30 pF* 


D.U.T. 


240 
ohms 


* Includes scope and test jig. 


Notes : All voltages referenced to GND. 


. Measured with GND < V< Vcc. Outputs are deselected with exception to MATCH which is always enabled. 


1. 

2 

3. Measured with load as shown in Figure 3A. 
4. Measured with load as shown in Figure 3B. 
5 
6 
~ 


. cc measured with outputs open, Vcc max, f = min. cycle. 


. Output buffer is deselected. 
. Capacitances are sampled, and not 100% tested. 


COMPARE, WRITE AND READ TIMING 


The MK41H80 employs three signals for device 
control. The Write Enable (WE) pin enables a Write 
Cycle if low and either a Compare Cycle or a Read 
Cycle when high. The OE pin enables a Read Cycle 
if low or a Compare Cycle if high. The CLR pin en- 
ables a Flash Clear Cycle when brought low. 


The MK41H80 begins a Compare Cycle with the ap- 
plication of a valid address (see figure 4). A valid 
MATCH is enabled when OE and WE go high in 
conjunction with their respective Set Up and Hold 
times. MATCH will occur taca after a valid address, 
and toca after valid Data In. MATCH will then go in- 
valid taco after the address changes. 


The MK41H80 starts a Write Cycle with stable ad- 
dresses (see figure 4). OE may be in either logic 
state. WE may fall with stable addresses, and must 
remain low until taw with a duration of twew. Data in 
must be held valid tps before and toy after WE goes 
high. MATCH will be invalid during this cycle. 


The MK41H80 begins a Read Cycle with stable ad- 
dresses and WE high (see figure 4). DQ becomes 
valid taa after a valid address, and toga after the fall 
of OE. DQ outputs become invalid tou after the ad- 
dress becomes invalid or toez after OE is brought 
high. Ripple through data access may be accomplis- 
hed by holding OE active low while_strobing ad- 
dresses Ao-A11, and holding CLR and WE high. The 
MATCH output will be invalid during the Read cycle. 
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MK41H80(N)—20/22/25/35 


Figure 4 : Compare and Write Cycle. 
COMPARE CYCLE WRITE CYCLE 


tc tc 


ADDRESS VALID , ADDRESS VALID 


ro 


t RCH t WEW 


ke tacH 
tACA tDCH 
VALID COMPARE 


* AVOID METASTABLE INPUTS MKS80CW 


* Avoid metastable inputs 


Figure 5 : Write and Read Cycle. 


WRITE CYCLE READ CYCLE 


tc tc 


ADDRESS VALID ADDRESS VALID 


tRCH 


t RCS 


t WEW HOGA * 
’ a .\A\\ 


tp 


—|tDH 


MATCH INVALID 


* AVOID METASTABLE INPUTS MKS80WR1 
* Avoid metastable inputs 


keyg SGS-THOMSO 
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MK41H80(N)-20/22/25/35 


ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(0°C <T, $ 70°C) (Veg = 5.0V 10%) Units = ns 


Symbol 


Parameter 


Compare Command Hold Time a 


tas Address Set-up Time 


Address Hold Time after End of Write 


Address Compare Access Time 


OE) 
Valid Data Out (DQ) Hold Time 
Address Access Time 

OE) 


| toca | Output Enable (QE) Access Time |_| 

ime | 5 _| 

| toez —_ 
toez 

2 

ose 

Lo 


toeL Output Enable (OE) to Low-Z 
Write Enable (WE) to High-Z 
Write Enable (WE) to Low-Z 


APPLICATION 


The MK41H80 operates from a 5.0 volt supply. It is 
compatible with all standard TTL families on all in- 
puts and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. Additionally, because 
the outputs can drive rail-to-rail into high impedance 
loads, the MK41H80 can also interface to 5 volt 
CMOS on all inputs and outputs. Refer to the nor- 
malized performance curves that follow. 


The MK41H80 compares contents of addressed 
RAM locations to the current data inputs. A logic one 
(1) output on the MATCH pin indicates that the input 
data and the RAM contents match. Conversely, a lo- 
gic zero (0) on the MATCH pin indicates atleast one 
bit difference between the RAM contents and input 
data generating a miss. 


The MATCH outputis always at either an active high 
or low logic level, and does not exhibit a three-state 
or high impedance characteristic. Since the compa- 


[-a0 | aes dSC 
iin. | Max. | Min. [ Max. | Min. | Max. | Min, | Max. 
~ [owetm Sir ao | cf | Po | Uf || 
cos | Compare CommandSetuptime| 7 || 8 [| |e] |w] | 


ae ae es ee ee ee ee ee 
A ea 
Time 


[teow | Read Command (We) Hodtime | o | | o | |o| [of | 

| ts | Address SetupTime ss | o | | oo | Uf oo | Cf 

 lemerarerm™ [eT Tt Tet Pet [ 
Command (WE) 

es am ao 


| twew | Write Command (WE) toEndofwrite | 16 | | 18 | | 20 | | 30 | | 
| tos | DataSetUpTime | 12 | 
| tox | DataHoldTime | | CP 
| toca | DataCompareAccessTime |_| 12 | | 15 | | 5 | | 20 | 8 


bo 
| tac | Address CompareHoldTime | 5 | | 5 | {| 5 | | 5 | | 3 
toon _| DataCompareHoldTime || 3 | =| 3 | | 3 | | 3 | 8 
| 10 


Ze ee eS ee ee a ee 


rator Circuitry is always enabled, metastable data in- 
put levels can result in excessive MATCH output ac- 
tivity. Therefore, the use of pull-up or pull-down 
resistors is recommended on the data bus. 


A pull-up resistor is also recommended for the CLR 
input. This will ensure that any low going system 
noise, coupled onto the input, does not drive CLR 
below Vin minimum specifications. 


Because high frequency current transients will be 
associated with the operation of the MK41H80, po- 
wer lines inductance must be minimized on the cir- 
cuit board power distribution network. Power and 
ground trace gridding or separate power planes can 
be employed to reduce line inductance. 


Though often times not thought of as such, the 
traces on a memory board are basically untermina- 
ted, low impedance transmission lines. As such they 
are subject to signal reflections manifested as noise, 
undershoots and excessive ringing. Series termina- 
tion in close proximity to the TTL drivers can improve 
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driver/signal path impedance matching. While expe- 
rimentation most often proves to be the only practi- 
cal approach to selection of series resistors, values 
in the range of 10 to 33 ohms often prove most sui- 
table. 


Figure 6 : Read-flash Clear—write Cycle. 


READ CYCLE 


CLEAR CYCLE 


MK41H80(N)—20/22/25/35 


FLASH CLEAR CYCLE 


A Flash Clear Cycle begins as CLR is brought low 
(see figure 5). A Flash Clear sets all 16,384 bits in 
the RAM to logic zero. Control Inputs will not_.be re- 
cognized from tcx after CLR falls to ter after CLR is 
brought high. OE and WE are Don’t Cares and DQ 
is High-Z. MATCH will be invalid while CLR is low. 
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DATA OUT 


MATCH 


* AVOID METASTABLE INPUTS 


* Avoid metastable inputs 
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AC ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(0°C <T, $ 70°C) (Veg = 5.0V 10% 


) 
tc; | End of Clear (CLR) to Inputs 
Recognized 


tore | Flash Clear (CLR) Pulse Width 


Units = ns. 
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MK41H80(N)—20/22/25/35 


NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


NORMALIZED SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE V,,.. = 5.0V 


NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T, = 0°C 
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MK41H80(N)—20/22/25/35 


NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


LOGIC THRESHOLD VOLTAGE VS. 


LOGIC THRESHOLD VOLTAGE VS. 
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MK41H80(N)—20/22/25/35 


Speed grade 


Package Type 
N : Plastic Dip 


Device family and identification 
number 


SGS-THOMSON 
prefix . 


ORDER CODES 
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MK41H80(N)—20/22/25/35 


PACKAGE DESCRIPTION 
22 PIN "N" PACKAGE PLASTIC DIP 


Pm Fs 
fin. [tax [in. Max. 
TA fsea| [ato 2 
at fase [owl [2 
a2 .oes|asse| 20 | 40) 
a fosei|o.sea| ois [021 | 3 1 
rer [4.27 [1.776 060 [070] 
Tc [o209]0.204|c00a]-or2 | 6 


[0 essalze.7].020] 1.080) 1 
[01 foaselo.sas| 010 | 02s | 
Te | 702 [e256] 200 | 22s | | 
ret [é.086|6.25e| 240] 270) 
rer [a2e6[27e4| 000 | 110 | 
fet [r8efrone| so [00 | 
cee es 


Notes : 1. Overall length includes 010 in flash on either end of the package. 
2. Package standoff to be measured per jedec requirements. 
3. The maximum limit shall be increased by 003 in when solder lead finish is specified. 
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a 4K x 4 FAST HOMOS CACHE TAGRAM 
a 12,15ns ADDRESS TO COMPARE ACCESS 
n EQUAL ACCESS, READ/WRITE CYCLE TIMES 
a FLASH CLEAR FUNCTION 
u 22-PIN 300 MIL PLASTIC DIP 
24-PIN 300 MIL SOJ 


DESCRIPTION 


The MK41S80 is a member of SGS-THOMSON 
Microelectronics 4K x 4 CMOS Static RAM family 
featuring fully static operation requiring no external 
clocks or timing strobes. Cycle Time and Compare 
Access Time are equal. The MK41S80 is powered 
by asingle + 5V + 10% power supply and the inputs 
and outputs are fully TTL compatible. 


The MK41S80 features an onboard 4 bit comparator 
that compares RAM contents and current input data. 
The result is an active high match on the MATCH pin 
Or an active low miss on the MATCH pin. The 
MATCH pins of several MK41S80’s can be nanded 
together to provide enabling or acknowledging si- 
gnals to the data cache or processor. 


Tag data can be read from the data pins by bringing 
Output Enable (OE) low. This will allow data stored 
in the memory array to be displayed at the Outputs 
(DQo0-DQs3). 


Flash Clear operation is provided on the MK41S80 
via the (CLR) pin. Alow appliedto the CLR pin clears 
all RAM bits to a logic zero. 


PIN NAMES 


October 1989 


MK41S80(N,X) 
-12/15 


4K x 4 CMOS TAGRAM™ 


ADVANCED DATA 


(300 MIL Plastic Dip) 


Figure 1 : Pin Connections. 


Plastic DIP 


MK41S80 


oO An Oa fF WN 


A3 


A2 
A4 
MK41S80 Ag 
NC 
CLR 
DQ3 
DQo 
DQ + 
DQo 
13 MATCH 
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MK41S80-12/15 


Figure 2 : MK41S80 Block Diagram. 


ROW MEMORY 


ADDRESS ARRAY 
DECODER 128 ROWS 


BUFFER 
32 x 4 COL. 


4 


WRITE 
ENABLE alt 
BUFFER COLUMN COMPARATOR 
0 
COLUMN : COL. ADDR. 
OUTPUT DATA OUTPUT DECODE BUFFER 
ENABLE 


BUFFER 5 
BUFFER 4 Ay 


ABSOLUTE MAXIMUM RATINGS* 


valu Poni 
Storage Temperature 
0 


* Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the opera- 
tion sectionsof this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time 


TRUTH TABLE (MK41S80) 


eS 


X = Don't Care 
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RECOMMENDED DC OPERATING CONDITIONS (0°C < T, < 70°C) 


[Symbol_| Parameter —+(| Min. —~(| ~~~—S«Max._——~| Unit | Notes 
[Veo | SuppyvotageSC‘iSC(‘ CT | 
[Ves | SupplyVotage NDCC 
[vy ftosicoaninputs ——=—S—~idC‘(SNwOS”™OCSCs CP VP 


DC ELECTRICAL CHARACTERISTICS (0°C <T, < 70°C) (Voo = 5.0V +10%) 


| Parameter | Mins =| Max, | Unit | Notes 
Average Voo Power Supply Current | | 120 | mA | 
| tn Input Leakage Current, (Any tnput) | 4 | | A TO 
| to. | Output Leakage Current =| 0 | tO | A | 
a a 
eae 


rT 
</S/5/2 


Vou Output logic 1 Voltage ae 


(lout = - 4.0mA) 
AC ELECTRICAL CHARACTERISTICS (0°C < Ta, < + 70°C) (Vcc = 5.0V + 10%) 


VoL Output logic 0 Voltage 

(lout = 8.0mA) 

Value 

ia found | Min, | typ. | Max. | 
Capacitance on any nputPin | || | I 
Capacitance on any Output Pin |_| | tI 


AC TEST CONDITIONS 


< 


Bex 


PSUS LG VEINS 2tascsivcestscadeaseeve.tsccasutenssacasatescavinageccoccciuiySece duce aaesuscacucdtaastntsorseasestautonederads GND to 3.0V 

TANISIUOML PINES foes s ot cccte cence sancasecieseaeoncebsoe acces oana te wponaseb cme eaaesaex ais coesaeupnivesaeesnaesancaes 1.5ns 

Input and Output Signal Timing Reference LeVel...............cccssssssscccceesssssssececeesssesseeeeeesees 1.5V 

AMIGA TORMD STALE wes aets daisvece ei vases Geneede coatinsed cadens aternnaveadustaltbeentee tava iciasseeuvestaetieteatees 0°C to 70°C 

MCG see saiactugsctasegcatises tai cs-ees ousison ots coe cases ua shiva se pacc cae some ueaiauaceas eacnaneeoiaeaiecnec uceemeusueenewsccuoeecceendeus 5.0V + 10 percent 
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Figure 3 : Output Load Circuits. 


30 pF* 


D.U.T. 


240 
ohms 


* Includes scope and test jig. 


Notes : All voltages referenced to GND. 


. Measured with GND < V < Vcc. Outputs are deselected with exception to MATCH which is always enabled. 


Ie 

2 

3. Measured with load as shown in Figure 7A. 
4 Measured with load as shown in Figure 7B. 
5 
6 
7 


. loci measured with outputs open, Vcc max, f = min. cycle. 


. Output buffer is deselected. 
. Capacitances are sampled, and not 100% tested. 


COMPARE, WRITE AND READ TIMING 


The MK41S80 employs three signals for device 
control. The Write Enable (WE) pin enables a Write 
Cycle if low and eithera Compare Cycle or a Read 
Cycle when high. The OE pin enables a Read Cycle 
if low or a Compare Cycle if high. The CLR pin en- 
ables a Flash Clear Cycle when brought low. 


The MK41S80 begins a Compare Cycle with the ap- 
plication of a valid address (see figure 4). A valid 
MATCH is enabled when OE and WE go high in 
conjunction with their respective Set Up and Hold 
times. MATCH will occur taca after a valid address, 
and toca after valid Data In. MATCH will then go in- 
valid tacu after the address changes. 


The MK41S80 starts a Write Cycle with stable ad- 
dresses (see figure 4). OE may be in either logic 
state. WE may fall with stable addresses, and must 
remain low until taw with a duration of twew. Data in 
must be held valid tps before and tpH after WE goes 
high. MATCH will be invalid during this cycle. 


The MK41S80 begins a Read Cycle with stable ad- 
dresses and WE high (see figure 4). DQ becomes 
valid taa after a valid address, and toga after the fall 
of OE. DQ outputs become invalid ton after the ad- 
dress becomes invalid or toez after OE is brought 
high. Ripple through data access may be accomplis- 
hed by holding OE active low while_strobing ad- 
dresses Ao-Ai1, and holding CLR and WE high. The 
MATCH output will be invalid during the Read cycle. 
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Figure 4 : Compare and Write Cycle. 
COMPARE CYCLE WRITE CYCLE 


tc tc 


ADDRESS VALID ADDRESS VALID 


ipmrars ye 


t RCH t WEW 


' DH 


TAG DATAVALID fF DATA IN VALID 
VALID COMPARE 


* AVOID METASTABLE INPUTS MKS80CW 


* Avoid metastable inputs 


Figure 5 : Write and Read Cycle. 


WRITE CYCLE READ CYCLE 


tc tc 


ADDRESS VALID ADDRESS VALID 


tRCH 


tRCS 


=e 4 — 
an AY 


tp 


—|t DH 


MATCH INVALID 


* AVOID METASTABLE INPUTS MKS80WR1 
* Avoid metastable inputs 
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ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(0°C <T, S$ 70°C) (Voc = 5.0V 410%) Units = ns 


= 
tas 
taw 
tay 
tos 
tou 
toca 


Nh 
oO 


15 


Address Set-up Time 


| teow 

| ks a 
Address Stable to End of Write 10 

Gomes ome | 
toy | Adress Hold Time aterEndofwite «| «dS 
| twew | Write Command (WE) toEndof Write ss | 10 |S 
|DataSetUpTime || 
i Oe ec 


a 
[tou | Bata HolsTine 
[toon | Data Compare AocessTime 


1 


ol 


1 


=) 


Output Enable (OE) Access Time 


12 
1 
12 
12 
2 
2 


2 
15 
7 


2 


Output Enable (OE) to High-Z 
Output Enable (OE) to Low-Z 
twer Write Enable (WE) to High-Z 


ae 


Write Enable (WE) to Low-Z 


APPLICATION 


The MK41S80 operates from a 5.0 volt supply. It is 
compatible with all standard TTL families on all in- 
puts and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. Additionally, because 
the outputs can drive rail-to-rail into high impedance 
loads, the MK41S80 can also interface to 5 volt 
CMOS on all inputs and outputs. Refer to the nor- 
malized performance curves that follow. 


The MK41S80 compares contents of addressed 
RAM locations to the current data inputs. A logic one 
(1) output on the MATCH pin indicates that the input 
data and the RAM contents match. Conversely, a lo- 
gic zero (0) on the MATCH pin indicates at least one 
bit difference between the RAM contents and input 
data generating a miss. 


The MATCH output is always at either an active high 
or low logic level, and does not exhibit a three-state 
or high impedance characteristic. Since the compa- 


ne 

fa 

Hol hoe! 
aes 

i ae 
OE) ae 
iad 

ed 


1 


rator circuitry is always enabled, metastable data in- 
put levels can result in excessive MATCH output ac- 
tivity. Therefore, the use of pull-up or pull-down 
resistors is recommended on the data bus. 


A pull-up resistor is also recommended for the CLR 
input. This will ensure that any low going system 
noise, coupled onto the input, does not drive CLR 
below Vin minimum specifications. 


Because high frequency current transients will be 
associated with the operation of the MK41S80, po- 
wer lines inductance must be minimized on the cir- 
cuit board power distribution network. Power and 
ground trace gridding or separate power planes can 
be employed to reduce line inductance. 


Though often times not thought of as such, the 
traces on a memory board are basically untermina- 
ted, low impedance transmission lines. As such they 
are subject to signal reflections manifested as noise, 
undershoots and excessive ringing. Series termina- 
tion in close proximity to the TTL drivers can improve 
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driver/signal path impedance matching. While expe- 
rimentation most often proves to be the only practi- 
cal approach to selection of series resistors, values 
in the range of 10 to 33 ohms often prove most sui- 
table. 
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FLASH CLEAR CYCLE 


A Flash Clear Cycle begins as CLR is brought low 
(see figure 5). A Flash Clear sets all 16,384 bits in 
the RAM to logic zero. Control Inputs will not_be re- 
cognized from tcx after CLR falls to tcr after CLR is 


brought high. OE and WE are Don't Cares and DQ 
is High-Z. MATCH will be invalid while CLR is low. 


Figure 6 : Read-flash Clear—write Cycle. 


READ CYCLE CLEAR CYCLE WRITE CYCLE 


tFcc 


tc tc 
( wooness vas Xan KX XK Kons vaio) 


a tox 
II //- V 


tCR 
tCLP 


tcx 


Y////# 


DATA IN 


MATCH INVALID 


* AVOID METASTABLE INPUTS MKS80CLR 


* Avoid metastable inputs 


AC ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(0°C <T, < 70°C) (Veg = 5.0V 10%) Units = ns. 


Parameter 


Flash Clear Cycle Time 
Clear (CLR) to Inputs Don’t Care 


End of Clear (CLR) to Inputs 
Recognized 


Flash Clear (CLR) Pulse Width 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


cc = 5.0V 


NORMALIZED SUPPLY CURRENT VS. 


AMBIENT TEMPERATURE V, 


NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T, = 0°C 


$99! GSZIMVNHON 


-60 -40 -20 0 20 40 60 30 100 120 


56 58 6 


48 5 52 54 


4 42 44 46 


AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE (V) 


NORMALIZED SUPPLY CURRENT VS. 


Bo 
WwW wn 
= — 
ae scat 
uw ui g 
fn : 
< 5 » § 
> 
BS 2 & 
335 a 
<a @ 
=o 
co ~ 
he 
N 
Ld 
Lf 
1228 "838 3 
AWIL SS3090v¥ GaZliVAHON 
8 
NESTE ERRERERRRS 


INEST I Teer Teg 
Ba SaeRR RRR EE AR 
ERE NSE SERESSESP 


BEER SESE BERGE 
BRRE RESO RRSRE RE 
BRERZRESRERER OR 
lee ste SIN IE TED 
PRR RRR EEN ERea 
fees) isdeats ies 28), He sJeINI alata 
ees] eee TP al P| Ul eg 
ee ETN 
Ede TOT IN tg 


- Por oF ONS Q a 
Beh Fagggssse ages 


= 25°C 


Tp 
a 
Ld 
= 
les 
VA 
= 
al 
| 
| | 
ee 
ES 
eed 
a 
i 
= 

a 


= 5.0V 
CYCLE FREQUENCY (MHz) 


CYCLE TIME V,, 


LOO] G3ZIIVAKON 


= 25°C 


Ta 


NORMALIZED ACCESS TIME VS. 
Vog = 5.0V 


OUTPUT LOADING 


NORMALIZED ACCESS TIME VS. 


AMBIENT TEMPERATURE V 


Sena: Beam! 
SeGRERSe0| 


AWIL SS3990V C3ZITVAYON 


CAPACITANCE (pF) 


AMBIENT TEMPERATURE (°C) 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 


LOGIC THRESHOLD VOLTAGE VS. 
T, =25 


SUPPLY VOLTAGE 


5.0V 


LOGIC THRESHOLD VOLTAGE VS. 
AMBIENT TEMPERATURE V,.. 


ee ee ee 
ee a ee ee 
ee RS ee Ge a 
a eee ee 


SUPPLY VOLTAGE (V) 


AMBIENT TEMPERATURE (°C) 


SUPPLY VOLTAGE T, = 25°C 


NORMALIZED SOURCE AND SINK CURRENTS VS. 


= 25°C 


5.0V, T, 


NORMALIZED SOURCE AND SINK CURRENTS VS. 
OUTPUT VOLTAGE V, 


ULECTT. 


LENT 
ALENT 


Freee 


BOWNOS, XNIS) O37VWHON 


OUNCE PINE, G71 WAHON 


SUPPLY VOLTAGE (V) 


= 5.0V 


cc = 


AMBIENT TEMPERATURE V, 


NORMALIZED SOURCE AND SINK CURRENTS VS. 


Pegg eeRRaReagSE 


cere oocso oooco 
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Speed grade 


Package Type 
N : Plastic Dip 


Device family and identification 
number 


SGS—-THOMSON 
prefix 


ORDER CODES 
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PACKAGE DESCRIPTION 


22 PIN "N" PACKAGE PLASTIC DIP 


Pim 
aia [ wax: [in [wax 
Ta | fesse) [210] 2 
Tar loser] [owl |e 
a2 [a.oae|ace6| 120 [a0] 
3 loserlossa| ors | 021 | 3 
Pat [1.27 [1.779] 060 [070 | 


[0 esssl2e.67|.020|;.0s0] 1 

[31 fo2se|o.sss| o10 | 02s | 

Pe [ree [eass| 300 | 05 | 

Pet |e. ease) 240 [270] 

ret [a206[27e4| 000 | 110) 

| Pet free foe] soo 00 | 
Pi few) rol | 


Notes : 1. Overall length includes 010 in flash on either end of the package. 
2. Package standoff to be measured per jedec requirements. 
3. The maximum limit shall be increased by 003 in when solder lead finish is specified. 
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» 2048 x 20 CMOS SRAM WITH ONBOARD 
COMPARATOR 

s MATCH ACCESS TIME = 20ns (max) 

» READ ACCESS TIME = 25ns (max) 

= RESET CYCLE = 25ns (max) 

u lcc (outputs deselected) = 250mA (max) 

a STANDBY = 50mA (max) 

a FLASH CLEAR VALID BIT FUNCTION 

a TARGET APPLICATION : 

a 68020-25, 68030-33 AND 80386 CACHE 


Figure 1 : Pinout for 68 Pin PLCC Package. 
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2048 x 20 CMOS TAGRAM™ 


09 O08 O7 O6 O5 04 O03 02 O01 GB G7 66 65 64 63 G2 G1 


10 


October 1989 


60 
59 
58 
57 
56 
55 
54 
53 
52 


(Plastic Chip Carrier) 


PIN NAMES 
Vss 


Vcca, Vssa| + 5V Output Supply, 
Output Ground 
-Aio Index Address Input 


CDOo Clearable Tag Data I/O 
-DQ;9| Tag Data I/O 


Chip Enable 
(programmable active 
low or high 


Chip Enable Program 
Inputs 


: 
° 
Ss 


[>) oO 


Reset Input (active low 
Chip Select Input 
active low 

Write Enable 

active low 

Data Output Enable 
active low 

Compare 0 Output 


atid 
it = High, Miss = Low 


Compare 1 Output 
et 
it = High, Miss.= Low 


Force hit 0 Input 
active low 

Force hit 1 Input 
active low 

Force Miss 0 Input 
(active low) 

Force Miss 1 Input 
(active low 
Compare 0 Output 
Enable (active low 


Compare i Output 
Enable (active low 


-P, 
S 
G 


0 
H1 
CGo 
Cai 
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DEVICE DESCRIPTION AND FEATURES 


The MK4202 is designed to be connected DIRECT- 

LY to a high performance 32 bit‘microprocessor, al- 

lowing the elimination of the logic delays associated 

with collecting HIT or Miss outputs into a subsequent 

gate or the RC delays associated with wired- OR 

open collector match outputs. 

The MK4202 TAGRAM has four major features that 

allow direct connection : 

1.Wide enough for almost any TAGRAM application 
without requiring multiple chip width expansion 
and the delays that would result. 


2.Four (4) programmable CHIP ENABLE inputs, al- 
lowing DEPTH EXPANSION without any of the at- 


device. The Programmable Chip Enables prevent 
bus contention by assuring that only one 
TAGRAM at a time drives each Compare bus 
when in Compare mode. 


4.DUAL COMPARE OUTPUTS (Co and G1) and 
FORCED HIT (Ho and H1) and FORCED MISS 
(Mo and M1) inputs for each. The arrangement 
allows direct connection of the TAGRAM to two 
separate processor inputs (such as BERR and 
HALT on the 68030), and connection of all sig- 
nals that would otherwise have been connected 
to those processor inputs to be passed 
THROUGH the TAGRAM ; eliminating the need 
for a subsequent gate to collect the COMPARE 


tendant chip enable decode delays that would 
otherwise be required. 

Po-P3 should be tied directly to Vcc or Vss, or 
through pull-up or pull-down resistors. The 
MK4202 is selected when Eo-E3 equals Po-P3 in 
a binary match. 


output and other BERR or HALT signal sources 
to the processor. The net effect is that the Ad- 
dress-to-Compare access time demonstrated 
by the MK4202 is all of the delay the user must 
consider. The alternative approach, using nar- 
row TAGRAMs with open collector outputs or 


narrow TAGRAMs with 2-state outputs and a 
10ns programmable logic device, requires that 
the narrow TAGRAMs demonstrate a 10ns Ad- 
dress-to-Compare access time to yield the same 
performance in a user’s system that the MK4202 
provides. 


(Example : Eo-E; = 0110, Po-P3 = 0110.) 
3.3-STATE COMPARE OUTPUTS, allowing all 
Compare outputs to be bused together so the Ad- 
dress-to-Compare access time for a depth ex- 
panded application is identical to that of a single 


TRUTH TABLE (MK4202Q) 


Cs [i | [ee | woe | 
T= [to [x |x| Force wiss | Low | 
=a to |x Force it [righ 
T= [a [|x | comp pisabie | Hz 
Px siya 
ee 
ai [ | H[ to | Compare [Horo 
oe 
ce 


Cate ot a |e ate eee [ow | 
eS BW ee ee ee 
Ba a a Oe ee es 
fecal | I oh see ee 
|p to | x | x | wi | to | - | 
pto | to | tT | to | xX | = | = | = | Notatiowed | 
es eae Se ee ee 


| da | Notes | 
ce ee 
ze i 
eee load 
pHiz || 
| Din | 
| Din | 
eee 


a | 


Oo 


_X = Don't Care Notes : 1. Force hit/miss operations independent of 
Hx = Ho or Hy other RAM operations. 
Mx = Mo or Mi 2. May disrupt Reset, will not damage 
CG, = CGo or 1 device. 
F = (False) Eo-E3 pattern DOES NOT match Po-P3 pattern. 3. Reset will force Cx low during a valid 
T = (True) Eo-Es3 pattern DOES match Po-Ps3 pattern. compare when CDQo is Din = HIGH. 
— = Not related to identified mode of operation. 
ee (7 SGS-THOMSON 
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Figure 2 : MK4202 Block Diagram. 
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Figure 3 : Device Logic Symbol. 
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POWER DISTRIBUTION 


The MK4202, being a 20 output device, obviously 
requires the use of good power bussing techniques. 
MK4202 has been designed in such a way as to al- 
low the user to minimize the effects of switching 
transients on overall circuit operation. Of particular 
interest is the separate bussing of the Vcc and Vss 
lines to the output drivers. The advantage provided 
by these separate power pins, designated Vcca and 
Vssa, is that voltage sags and ground bumps seen 
on these pins are not reflected into the other portions 
of the chip, particularly the input structures. As a re- 


Figure 4 : Application Block Schematic. 


VALID 
SELECT 
WRITE 
READ 
BUS ERR 


HALT 
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sult, switching noise in the supply has much less ef- 
fect on input levels, providing the user with more 
noise margin than would otherwise be available. 


Of course Vcc and Vccq must always be at the 
same DC potential. Vss and Vssq must match as 
well. Differences between them due to AC effects 
are expected, but must be minimized through the 
adequate use of bussing and bypassing. All speci- 
fications and testing are done with Vss = Vssa 
+10mV RMS, Vcc =Vcca+ 10mV RMS with instan- 
taneous peak differences not exceeding 50mV. 


uP 
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ABSOLUTE MAXIMUM RATINGS* 


Z 
Ambient Storage Temperature (plastic) °C 
Total Device Power Dissipation PB Watt | 

RMS Output Current per Pin 


* Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operation sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


<|g 


RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to 70°C) 


Parameter 


Supply Voltage 


Supply Voltage, GND 
Logic 1 All Inputs 
Logic 0 All Inputs 


Note : All voltages referenced to Vss. 


DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Veg = + 10%) 


Notes : 1. Measured with outputs open. Vcc max. 

2. Measured with Vin = 0.0V to Vcc. 

3. Measured at CDQo, DQi-DQi9, Co and Ci. 

4. All voltages referenced to Vssa. 

5. Inputs (Po-Ps) require Vin min. = 4.5 volts and Vit max. = 0.5 volts. 
6. Sampled, not 100% tested. Measured at 1 MHz. 

7. Measured at all data 1/O’s, Co and C1. 


CAPACITANCE (T, = 25°C, f = 1.0 MHz) 


symba! | Min, | Typ. ea] unt tts 
ae pF 


7 ae 
oF 
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AC TEST CONDITIONS 


ID Ut: EGV CIS see ods ensues coctaversseuechuvaduivneteaercansesctiaeact 
TPIS IUIOPY 1 IG: setswast actseswceusleetiecsdessaipuncdcesenseemmeeneeivedts 
Input and Output Timing Reference Level................. 
Ambient TEMmperature.....cscccccccccssssssssssencceeceeeeeeseseeees 
VC ei cseiee eit eec cance ents ncatancoveuaueuucaaniee aacsusecacenesaces 


Figure 5 : Equivalent Output Load Circuit. 


240 OHMS 
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cee ausiestsetvacenassuadsccoseammeeeestaesnes 5.0V + 10% 


470 OHMS 


240 OHMS 


* Includes scope and test JIG. 


READ MODE _ 

The MK4202 is in the Read mode whenever W is 
HIGH, and G is LOW provided Chip Select (S) is 
LOW and a true Chip Enable pattern (Eo-Es) is ap- 
plied. The 11 address inputs (Ao-A1o) define a uni- 
que index address giving access to 20 of 40,960 bits 
of data in the static memory array. Valid data will be 
present at the 20 output pins within tavav of the last 
stable address provided Chip Enable, Chip Select 


(S), and Output Enable (G) access times have been 
met. If Chip Enable, S, or G access times are not 
met, data access will be measured from the latter fal- 
ling edge or limiting parameter (tevav, tsLav, or 
taLav). The state of the tag data I/O pins is controlled 
by the (Eo-E3), S, G, and W input pins. The data lines 
may be indeterminate at tevax, or tsLax, or taLax, but 
will always have valid data at tavav. 
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ELECTRICAL CHARACTERISITCS AND RECOMMENDED AC OPERATING CONDITIONS 
(read cyle timing) (0°C < T, < 70°C) (Veg = 5.0 + 5%) 


stp | ALT re | -20 | -22 | 
Symbol | Symbol 


| tavov | tia | Address AccessTime | 
Ttscy [tea | Chip Enable Access Time 
4 

LS 


—_ — | WwW ww 
on co}oO Oo =) 


| 
A 
Ttexar | ter | Chip Enable FALSE torighz | 
Toy | tea | chip Select Access Time ——~i| 
Ttswor | tour | Chip Selecttonighz————SSC«dYC 
Ttawoy [tou | Output Enable Access Tine ‘| 
Tiexox | tox | Output Enebieiotowz Sst 2 | ie | 
Tovar | tow | Output Enabieto ghz «|= s | 


Figure 6 : Read Cycle. 
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Figure 7 : Address Read Cycle. 
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texor — 
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Figure 10 : Output Enable Read Cycle. 
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WRITE MODE = 

The MK4202 is in the Write mode whenever W is 
LOW provided Chip Select (S) is LOW _and a true 
Chip Enable pattern (Eo-E3) is applied (G may be in 
either logic state). Addresses must be held valid 
throughout a write cycle, with either W or S inactive 
HIGH during address transitions. W may fall with 
stable addresses, but must remain valid for twLwu. 
Since the write begins with the concurrence of W 


and S, should W become active first, then ts_sH must 
be satisfied. Either W or S can terminate the write 
cycle, therefore tovwu or tovsH must be satisfied be- 
fore the earlier rising edge, and twHpx or tsHpx after 
the earlier rising edge. If the outputs are active with 
G and S asserted LOW and with true Chip Enable, 
then W will return the outputs to high impedance wi- 
thin twiuz of its falling edge. 


ELECTRICAL CHARACTERISITICS AND RECOMMENDED AC OPERATING CONDITIONS 


(write cycle timing) (0°C < T, < 70°C) (Vcc = 5.0 + 10%) 


STD ALT 
Cycle Time 25 
Address Set-up Time to WLOW 


E20] 
| twiax | tay | Address Hold Time fromWHIGH | 0 
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[S08 | 
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Figure 11 : W Write Cycle. 


ADDRESS 


Figure 12 : S Write Cycle. 


ADDRESS 


DATA IN 
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COMPARE MODE 


The MK4202 is in the Compare mode whenever W 
and G are HiGH provided a true Chip Enable (Eo-Es) 
pattern is applied. Chip Select (S) is reguarded as 
a don't care since the user is not concerned with the 
data outputs, but only with the Compare (Cx) out- 
puts. Mx and Hx must be HIGH, and CGx active 
LOW to enable the Compare outputs for a valid com- 
pare hit or miss. 


The 11 index address inputs (Ao-A1o) define a unique 
location in the static RAM array. The data presented 
on the Data Inputs (DQ1-DQi9 and CDQo) as Tag Da- 
ta is compared to the internal RAM data as specified 
by the index. If all bits are equal (match) then a hit 


condition occurs (Cx = HIGH). If at least one bit is not 
equal, then a miss occurs (Cx = LOW). 


The Compare output will be valid tavcv from stable 
address, or tpvcv from valid tag data provided Chip 
Enable is true, and CGx is active LOW. Should the 
address be stable with valid tag data, and Chip En- 
able false, then compare access will be within tevcv 
from true Chip Enable. When executing a write-to- 
compare cycle (W = LOW, and G = LOW or HIGH), 
Cx will be valid twucv or taHcv from the latter rising 
edge of W or Grespectively. Finally, when gating the 
Cx output in the compare mode with CGx, the com- 
pare output will be valid tcaL-cv from the falling edge 
of CGx. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(compare cycle timing) (0°C < T, < 70°C) (Voc = 5.0 + 10%) 


STD 
Symbol 


x 


texcz tecuz E False to Compare high-Z 
toaL-cv toca 
teGH-cx 


tceL-cx 


ALT | -20 | 
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Figure 12 : Summary Compare Cycle. 


t 


ADDRESS VALID ADDRESS 


taxcx 


TRUE CHIP ENABLE PATTERN FALSE CHIP ENABLE 
tev | a 
| 


i 
texez 


Note : Wand G are both assumed to be HIGH. 
Hx and Mx are both assumed to be HIGH. 


Figure 13 : Compare Cycle. 


ADDRESS VALID ADDRESS VALID ADDRESS 


DATA IN DATA IN 


VALID HIT/MISS VALID HIT/MISS 


Note : W and G are both HIGH, CGx is LOW, and a true Chip Enable pattern is present. Hx and Mx are both assumed to be HIGH. 
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RESET MODE 


The MK4202 allows an asynchronous reset whenever 
RS is LOW regardless of the logic state on the other 
input pins. Reset clears all internal RAM bits in CDQo 
(2048 bits) to a logic zero. This output can be used as 
a valid tag bit to insure a valid compare miss or hit . It 
should be noted that a valid write cycle is not allowed 


during a reset cycle (W = LOW, S = LOW, RS =LOW, 
and Chip Enable is true). The state of the data outputs 
is determined by the input control logic pins : Chip En- 
able, S, G, and W (see truth table). Should a reset oc- 
cur during a valid compare cycle, and the CDQo valid 
tag bit is set to a logic (1), then Cx will go LOW at trs-- 
cL from the falling edge of RS. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(reset cycle timing) (0°C < T, < 70°C) (Vog = 5.0 + 10%) 


STD ALT : 


Reset Cycle Time 


tagw | Reset pulse Width 
RS LOW to Compare Output LOW 
Address Recovery Time 


Chip Enable Recovery Time 


FORCE HIT AND FORCE MISS 


The MK4202 can force either a miss or hit condition 
on the Cx output by asserting Mx or Hx LOW. A Force 
Miss overrides a Force Hit condition and is not de- 
pendent upon Compare Output Enable (CGx) (see 


truth table). The Cx output will go HIGH within tHLcH 
from the falling edge of Hx or Cx will go LOW within 
tuc_ from the falling edge of Mx. All Mx and Hx inputs 
must be HIGH during a valid compare cycle. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(force hit or miss cycle timing) (0°C <T, < 70°C) (Veco = 5.0 + 10%) 


Parameter 
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Figure 14 : Reset Cycle. 


WRITE 


tavav 


ADDRESS VALID ADDRESS 


DATA IN 


Note : Reset during an active write cycle is not allowed. A write cycle may disrupt Reset, but will not damage device. 


Figure 15 : Valid Compare - Reset. 


VALID COMPARE 


Note : CDQo is presumed to be HIGH. 
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Figure 16 : Force Hit and Force Miss. 


VALID HIT 


Figure 17 : Late Write - Hit Cycle. 


TRUE CHIP ENABLE PATTERN 


tevev 


hevex 


Note : Gis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 
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Figure 18 : Compare - Write Hit - Compare Cycle. 


COMPARE 


Note : Gis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW, with CG LOW. 


Figure 19 : Late Read - Hit Cycle. 


TRUE CHIP ENABLE PATTERN 


Levey 
tevex 


Note : W is HIGH anda Valid Address is present, Hx and Mx are both assumed to be HIGH, (with CGx LOW.) 
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Figure 20 : Compare - Read Hit - Compare Cycle. 


Ql 


Cc, COMPARE 


Note : Wis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 


Figure 21 : Early Write - Hit Cycle. 


Note : Gis HIGH and a Valid Address is present, with (Eo — E3) = True. Hx and Mx are both assumed to be HIGH. 


Figure 22 : Early Read - Hit Cycle. 


Note : Wis HIGH and a Valid Address is present, with (Eo — Es) = True. Hx and Mx are both assumed to be HIGH. 
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ORDER CODE 


mKa202(Q)-22_ | 2ans_ | ns |B Pin PLCC 0°C to 70°C 
MK4202(Q)-25 30ns 68 Pin PLCC 


PACKAGE DIMENSIONS 


Pin 1 identification 
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FEATURES 


m 16Kx 4 FAST CMOS CACHE TAGRAM 

m 15,17,20ns ADDRESS TO COMPARE ACCESS 
m 10,12,14ns TAG DATA TO COMPARE ACCESS 
m EQUAL ACCESS, READ/WRITE CYCLE TIMES 
mw FLASH CLEAR FUNCTION 

m 24-PIN 300 MIL STANDARD PLASTIC DIP 


DESCRIPTION 


The MK44S80 is a 65,536-bit CMOS Static TA- 
GRAM, organized as 16Kx4 using SGS-THOM- 
SON Microelectronics’ advanced fast HCMOS 
process technology. This device is functionally 
compatible with the _ industry standard 
MK41S80 4Kx4 TAGRAM. All inputs and out- 
puts are TIL compatible using a single 5V 


supply. 


The MK44S80 provides full static operation, re- 
quiring no _ external clocks or refresh opera- 
tions, and features a MATCH output for indica- 
ting either a cache hit or miss condition. The 
on-board 4-bit Comparator compares RAM 
contents with current input (tag) data. The result 
on the MATCH pin is an active high match 
("hit"), or active low for a "miss" condition. The 
MK44S80 offers a totem-pole MATCH output 
design for fast access times, allowing the 
MATCH pins of several devices to be gated to- 
gether to provide an enable or acknowledge to 
the data cache or cache control logic (refer to 
Figure 2). 
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65,536-BIT FAST CMOS 
16 K X 4 CACHE TAGRAM™ 


ADVANCE DATA 


PIN CONNECTION 


24-Pin DIP or SOJ 


MK44S80 


{ 
2 
3 
4 
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6 
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8 
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MK44S80 TRUTH TABLE 
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TAGRAM FUNCTION 


The MK44S80 is an SRAM based Cache Tag di- 
rectory (hence the name TAGRAM). Figure 2 
shows a general block diagram using a cache 
tag directory (TAGRAM) in a cache subsystem 
application. The system must detect whether 
the requested data resides in the cache data 
RAM, or if extended read cycles to main me- 
mory are necessary. 


The MK44S80 features four modes of opera- 
tion: Write, Read, Compare, and Clear. The 
MK44S80 incorporates an on-board 4 bit com- 
parator that compares internal RAM contents 
with current (tag) input data. If the device is in 
the compare mode, and the comparator de- 
tects a "match", then the MATCH pin will go 
high for a hit condition. If a match is not de- 
tected by the comparator, then the MATCH pin 
drives low to denote a "miss" condition. Stand- 
ard write/read operations are performed with 
Write (WE) and Output (OE) Enable inputs. Ad- 
ditionally, the device provides a Flash Clear 
operation viathe CLR pin. 


When a low level (Vi_) is applied to the CLR 
input pin for the specified tc.p time, all RAM 
bits are set to a logic zero. 


Compare data (internal RAM) can be read from 
the data pins by bringing Output Enable (OE) 
low. This will allow data stored in the memory 
array to be displayed at the Outputs (DQo - 
DQs). 


GENERAL CACHE SUB SYSTEM BLOCK DIAGRAM 


TAGRAM 
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512 x 9 CMOS BiPORT FIFO 


ADVANCE DATA 


= FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

= FLEXIBLE 512 x 9 ORGANIZATION 

a LOW POWER HCMOS TECHNOLOGY 

u ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

» BIDIRECTIONAL APPLICATIONS 

a FULLY EXPANDABLE BY WORD WIDTH OR 
DEPTH 

=» EMPTY AND FULL WARNING FLAGS 

=» RETRANSMIT CAPABILITY 


a HIGH PERFORMANCE (Plastic Package) (Plastic Chip Carrier) 


PIN NAMES 


XO_= Expansion Out 
RS = Reset FF = Full Flag 
D 


| PartNo | Access Time | R/W Cycle Time 


FURT = First Load/ EF = Empty Flag 
Retransmit Voc =5V 
= Data In GND = Ground 
Q = Data Out 
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DESCRIPTION 


The MK4501 is a member of the BIPORT™ Memory 
Series, which utilizes special two-port cell techni- 
ques. Specifically, this device implements a First-In, 
First-Out algorithm, featuring asynchronous 
read/write operations, full and empty flags, and un- 
limited expansion capability in both word size and 
depth. The main application of the MK4501 is as a 
rate buffer, sourcing and absorbing data at different 
rates, (e.g., interfacing fast processors and slow 
peripherals). The full and empty flags are provided 
to prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is ap- 
proximately one load cycle (write). Since the writes 
and reads are internally sequential, thereby requir- 
ing no address information, the pinout definition will 
serve this and future high-density devices. The ninth 
bit is provided to support control or parity functions. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK4501 employs a memory-based architecture 
wherein a byte written into the device does not “rip- 
ple-through”. Instead, a byte written into the 
MK4501 is stored at a specific location, where it 
remains until over-written. The byte can be read and 
re-read as often as desired. 


Twin address pointers (ring counters) automatically 
Figure 2 : MK4501 Block Diagram. 


generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 
Address pointers automatically loop back to address 
zero after reaching address 511. The empty/full 
status of the FIFO is therefore a function of the dis- 
tance between the pointers, not of their absolute 
location. As long as the pointers do not catch one 
another, the FIFO can be written and read con- 
tinuously without ever becoming full or empty. 
Resetting the FIFO simply resets the address 
pointers to address zero. Pulsing retransmit resets 
the read address pointer without affecting the write 
address pointer. 

With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading the individual 
FIFOs. The penalty of cascading is often unaccep- 
table ripple-through delays. The 4501 allows im- 
plementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4501 allows connecting the read, write, data in, 
and data out lines of the MK4501s in parallel. The 
write and read control circuits of the individual FIFOs 
are then automatically enabled and disabled 
through the expansion-in and expansion-out pins as 
appropriate (See the Expansion Timing section for a 
more complete discussion). 


INPUT | OUTPUT 
BUFFER | BUFFER 


WRITE 512 X9 
SONTEOL ADDRESS BiPO 
POINTER MEMORY ARRAY 


ADDRESS 5 sono 
POINTER 


EXPANSION LOGIC 


RESET/RETRANSMIT 
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WRITE MODE 


The MK4501 initiates.a Write Cycle (see Figure 3A) 
on the falling edge of the Write Enable control in- 
put (W), provided that the Full Flag (FF) is not as- 
serted. Data set-up and hold-time requirements 
must be satisfied with respect to the rising edge of 
W. The data is stored sequentially and independent 
of any ongoing Read operations. FF is asserted dur- 
ing the last valid write as the MK4501 becomes full. 
Write operations begun with FF low are inhibited. 
FF will go high tare after completion of a valid 


FIGURE 3A. WRITE AND FULL FLAG TIMING 


INVALID 
WRITE 


LAST VALID 
WRITE 


FF FULL 


NOT FULL 


ee ee 
R 
ton 
tos — 
D 


AC ELECTRICAL CHARACTERISTICS 
(O°C<Tas +70°C) (Vog = +5.0 volts + 10%) 


SYM; PARAMETER 


Write Cycle Time 
wew Write Pulse Width 
Write Recovery Time 15 


tos | Data Set Up Time 
ow Data Hold Time [10] | 0 
bwee| Wow woFFLow | [60] [7[ [es] [w5| [1s] [ies 


lew| FE High wo Vala wre [v0] [v0] [70] 
tere| UHigh © FFHign | [oo] [7] [oo] 


INDETERMINANT 
WRITE 


| VALID VALID - VALID 
D,-D, DATA DATA DATA 
IN N 
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READ operation. FF will again go low twe- from 
the beginning of a subsequent WRITE operation, 
provided that a second READ has not been com- 
pleted (see Figure 4A). Writes beginning tery af- 
ter FF goes high are valid. Writes beginning after 
FF goes low and more than twp, before FF goes 
high are invalid (ignored). Writes beginning less 
than twp, before FF goes high and less than tery 
later may or may not occur (be valid), depending 
on internal flag status. 


FIRST VALID 
WRITE 


NOT FULL 


jo] [ro] | 10| 
10] [140 


= 
we [ Wie Pex naeerinané| [es [a5] [as| [es{ [as] 
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READ MODE 


The MK4501 initiates a Read Cycle (see Figure 3B) 
on the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not asserted. 
In the Read mode of operation, the MK4501 pro- 
vides a fast access to data from 9 of 4608 locations 
in the static storage array. The data is accessed on 
a FIFO basis independent of any ongoing WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
Read operation. 


In the event that all data has been read from the 
FIFO, the EF will go low, and further Read opera- 


FIGURE 3B. READ AND EMPTY FLAG TIMING 


INVALID 
EAD 


AC ELECTRICAL CHARACTERISTICS 
(0°C<Tas< +70°C) (Voc = +5.0 volts + 10%) 
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tions will be inhibited (the data outputs will remain 
in high impedance). EF will go high twer after 
completion of a valid Write operation. EF 
will again go low tper from the beginning a subse- 
quent READ operation, provided that a second 
WRITE has not been completed (see Figure 4B). 
Reads beginning tes, after EF goes high 
are valid. Reads begun after_EF goes low 
and more than tpp, before EF goes high 
are invalid (ignored). Reads beginning less than 
trp; before EF goes high and less than t,-, later 
may or may not occur (be valid) depending on in- 
ternal flag status. 
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FIGURE 4A. READ/WRITE TO FULL FLAG 


FIRST READ 
SINCE FULL 


FIGURE 4B. WRITE/READ TO EMPTY FLAG 


FIRST WRITE 
SINCE EMPTY 


STA SGS-THOMSON ___— —(—i‘“‘i CS 


MICHOELECTROMICS 
221 


MK4501(N,K)-65/80/10/12/15/20 


RESET 


The MK4501 is reset (See Figure 5) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 


FIGURE 5. RESET 
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NOTE 
EF and FF may change status during Reset, 
but flags will be valid at tasc: 


AC ELECTRICAL CHARACTERISTICS 
(0O°C<Tas +70°C) (Voc = +5.0 volts + 10%) 
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Although neither W or R_need be high when RS 
goes low, both W and R must be high tpss be- 
fore RS goes high, and must remain high 
tasp afterwards. Refer to the following discussion 
for the required state of FL/RT and XI during Reset. 
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RETRANSMIT 


The MK4501 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See Figure 6). 


A Retransmit operation sets the internal read pointer 
to the first physical location in the array, but will not 
affect the position of the write pointer. R must be 


FIGURE 6. RETRANSMIT 


WAV AVAVAWAVAVAV, Y \ / 
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NOTE 
EF and FF may change status during Retransmit, 
but flags will be valid at tarp. 


AC ELECTRICAL CHARACTERISTICS 
(O°C<TAs +70°C) (Voc = +5.0 volts + 10%) 
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inactive tars before RT goes high, and must remain 
high for tat, afterwards. 


The Retransmit function is particularly useful when 
blocks of less than 512 Writes are performed be- 
tween Resets. The Retransmit feature is not com- 
patible with Depth Expansion. 
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SINGLE DEVICE CONFIGURATION 


A single MK4501 may be used when application re- 
quirements are for 512 words or less. The MK4501 
is placed in Single Device Configuration mode when 
the chip is Reset with the Expansion In pin (XI) 
grounded (see Figure 7). 


WIDTH EXPANSION 


Word width may be increased simply by connect- 
ing the corresponding input control signals of mul- 
tiple devices. Status Flags (EF and FF) can be 
detected from any one device. Figure 8 demon- 
Strates an 18-bit word width by using two MK4501s. 
Any word width can be attained by adding additional 
MK4501s. 


FIGURE 7. A SINGLE 512 x 9 FIFO CONFIGURATION 


EXPANSION OUT 


DATA IN 
FULLFLAG (FF) 
RESET (RS) 


EXPANSION IN (XI) 


(XO) 
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a ae DATA OUT 


(EF) EMPTY FLAG 


(RT) RETRANSMIT 


FIGURE 8. A 512 x 18 FIFO CONFIGURATION (WIDTH EXPANSION) 
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WRITE (W) 
FULLFLAG (FF) 
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(XO) EXPANSION OUT 


(R) READ 
(EF) EMPTY FLAG 


(RT) RETRANSMIT 
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Flag detection is accomplished by monitoring the FF and EF signals on either 
(any) device used in the width expansion configuration. Do not connect flag 


output signals together. 
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DEPTH EXPANSION (DAISY CHAIN) 


The MK4501 can easily be adapted to applications 
when the requirements are for greater than 512 
words. Figure 9 demonstrates Depth Expansion us- 
ing three MK4501s. Any depth can be attained by 
adding additional MK4501s. 


External logic is needed to generate a composite 
Full Flag and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e., all must 
be set to generate the correct composite FF or EF). 


MK4501(N,K)-65/80/10/12/15/20 


The MK4501 operates in the Depth Expansion con- 
figuration after the chip is Reset under the below 
listed conditions. 


1. The first device must be designated by grounding 
the First Load pin (FL). The Retransmit function is 
not allowed in the Depth Expansion Mode. 


2. All other devices must have FL in the high state. 
3. The Expansion Out (XO) pin of each device must 


be tied to the Expansion In (XI) pin of the next 
device. 


FIGURE 9. A 1536 x 9 FIFO CONFIGURATION (DEPTH EXPANSION) 
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EXPANSION TIMING 


Figures 10 and 11 illustrate the timing of the Expan- 
sion Out and Expansion In signals. Discussion of 
Expansion Out/Expansion In timing is provided to 
clarify how Depth Expansion works. Inasmuch as 
Expansion Out pins are generally connected only 
to Expansion In pins, the user need not be con- 
cerned with actual timing in a normal Depth Ex- 
panded application unless_extreme propagation 
delays exist between the XO/XI pin pairs. 


FIGURE 10. EXPANSION OUT TIMING 


WRITE TO 
LAST PHYSICAL 
LOCATION 


AC ELECTRICAL CHARACTERISTICS 
(0°C<Tas +70°C) (Voc = +5.0 volts + 10%) 


be PARAMETER 


box] Expansion Out Low |_| 55 


10/15 


Pesos [aamean | oan | oente | amie | 
ra ono 


Expansion Out pulses are the image of the WRITE 
and READ signals that cause them; delayed in time 
by tyo, and tyoy. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 


’ (Last Read). This is in contrast to when the Full and 


Empty Flags are activated, which is in response to 
writing and reading a last available location. 


READ FROM 
LAST PHYSICAL 
LOCATION 


so 


hana 
Tmt [7s] [oot [ws] [esol v= | 
fon] Expansion Out High | [eo] [eo{ [90 [100] [26 


| jis] ns | 
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When in Depth Expansion mode, a given MK4501 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL 
was grounded at RESET time. A MK4501 in Depth 
Expansion mode with FL high at RESET 
will not begin writing until after an Expansion In 
pulse occurs. It will not begin reading until 


FIGURE 11. EXPANSION IN TIMING 


WRITE TO 
FIRST PHYSICAL 


LOCATION 


AC ELECTRICAL CHARACTERISTICS 
(0°C<Ta< +70°C) (Vgg = +5.0 volts + 10%) 


PARAMETER 


[esos [esoran | eanian | asone | eens | asiaa 
nm on 


ty; | Expansion In Pulse 15 115 145 195 
Width 

tyin | Expansion In Recovery | 15 
Time 

txig | Expansion In Setup 45 
Time 
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a second Expansion In pulse occurs and the Emp- 
ty Flag has gone high. Expansion In pulses must 
occur ty;s before the WRITE and READ signals 
they are intended to enable. Minimum Expansion 
In pulse width, ty,, and recovery time, ty), must be 
observed. 


READ FROM 
FIRST PHYSICAL 
LOCATION 


UNITS |NOTES 
hat ae 
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COMPOUND EXPANSION two systems (each system capable of READ and 

WRITE operations), can be achieved by pairing 
The two expansion techiques described above can MK450is, as shown in Figure 13. Care must be 
be applied together in a straight forward manner _ taken to assure that the appropriate flag is moni- 


to achieve large FIFO arrays (see Figure 12). tored by each system. (i.e., FF is monitored on the 
device where _W is used; EF is monitored on the 
BIDIRECTIONAL APPLICATIONS device where R is used.) Both Depth Expansion and 


Width Expansion may be used in this mode. 
Applications, which require data buffering between 


FIGURE 12. COMPOUND FIFO EXPANSION 


MK4501 MK4501 MK4501 
DEPTH EXPANSION DEPTH EXPANSION DEPTH EXPANSION 
BLOCK BLOCK BLOCK 


D18-DN ¢* °° D(N-8)-DN 


NOTES 
1. For depth expansion block see DEPTH EXPANSION Section and Figure 9. 
2. For Flag operation see WIDTH EXPANSION Section and Figure 8. 


FIGURE 13. BIDIRECTIONAL FIFO APPLICATION 


SYSTEMA SYSTEM 8 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to GND ........... 0. cc eee ees -05Vto + 70V. 
Operating Temperature T, (Ambient) .............. 0.0. c cece eee eee eee 0°C to + 70°C 
Storage: TOMpPerature.. s.c505 whee ee wks os es Owe OOS Coe eee ewee sey eas -55°C to + 125°C 
Total Device Power Dissipation... ........ 0... ccc ccc cece nent eet nnenans 1 Watt 
Outpuly CUrLENt DEE Pils 2055-4: ees it cia Se eee Se Poach Ge aie Ged Se ee aS ae ee wwe 20 mA 


*Stresses above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This 
is a stress rating only, and functional operation of the device at these, or any other conditions above those indicated 
in the operational sections of this specification, is not implied. Exposure to absolute maximum ratings for extended 
periods may affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta S +70°C) 


PARAMETER 


Supply Voltage 


| Va | Logic ‘1”’ Voltage All Inputs 
| Va | Logic ‘‘O” Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(0°C<T,<+70°C) (Vocg = 50 volts + 10%) 


SYM 
Vec 
Vi 
Vit 


PARAMETER 


Input Leakage Current (Any Input) 
Output Leakage Current 


Von Output Logic “1” Voltage Ioy7 = -1 mA 
Output Logic “0” Voltage Ionyy = 4 mA 


Average Voc Power Supply Current | 80 | 
Average Standby Current 
(R = W = RS = FL/AT = Vj) 


AC ELECTRICAL CHARACTERISTICS 
(T, = 25°C, f = 1.0 MHz) 


NOTES 
1. Pulse widths less than minimum values are not allowed. 5. Measured with 0.4<Vin=<Vcc., 
2.Measured using output load shown in Output Load 6 ReVin, 0.42VouTSVcc: 


Diagram. 7. Icc measurements are made with outputs open. 
3. All voltages are referenced to ground. 8. With output buffer deselected. 
4. -1.5 volt undershoots are allowed for 10 ns once per 
cycle. 
7 SGS-THOMSON ——— NS 
‘7. imcroztecrromes 
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FIGURE 14. OUTPUT LOAD 


DEVICE 
UNDER 
TEST 


AC TEST CONDITIONS: 

Input Levels 

Transition Times 

Input Signal Timing Reference Level 15 V 
Output Signal Timing Reference Level 0.8 V and 2.2 V 
Ambient Temperature 


NOTES 


. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 


. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS. 


. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 


14/15 Scs- 
—?___________— {77 $GS-THOMSON 
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FIGURE 16. MK4501 PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE) 


ORDERING INFORMATION 


R/W CYCLE TEMPERATURE 
PART NO. |ACCESS TIME TIME CLOCK FREQ.| PACKAGE TYPE RANGE 


miesoin-60| _80ns__| 100 ns | 100 MHz [26 Pin Pasto DIP| 0° to 70°C 
[-MKé50IN30 [100s | 120s | _&3 MHz [28 Pin Pastio DIP| O° to 70°C 
OF t0 70°C 
wiesorkes | 65ns | _80ns | 125 MHz _[s2 Pin Plastic LOG] 0° t0 70° 
wieso1ka0 | 80s | 100 ne | 100 MHz _[s2 Pin Plastic LOO| 0° to 70° 
MiKes01KA0 | 100s | 120s | _€3 MHz [82 Pin Plastic LCO| _0* to 70°C 
oF 19 70°C 


an T a TT 


SGSTHOMSON Device family Package type Speed grade 
Prefix and number N: Plastic DIP Access Time 
identification K: Plastic LCC 


Gy SGS-THOMSON 15/15 
IF. WCROELECTROMES 
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2048 x 9 CMOS BiPORT FIFO 


ADVANCE DATA 


« FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

= FLEXIBLE 2048 x 9 ORGANIZATION 

» LOW POWER HCMOS TECHNOLOGY 

» ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

= BIDIRECTIONAL APPLICATIONS 

» FULLY EXPANDABLE BY WORD WIDTH OR 
DEPTH 

» EMPTY AND FULL WARNING FLAGS 

» RETRANSMIT CAPABILITY (Plastic Package) 

» HIGH PERFORMANCE 

a HALF FULL FLAG IN SINGLE DEVICE MODE 


Figure 1 : Pin Connections. 


DESCRIPTION 


The MK4503 is a member of the BPORT™ Memory 
Series, which utilizes special two-port cell techni- 
ques. Specifically, this device implements a First-In, 
First-Out algorithm, featuring asynchronous 
read/write operations, full, half full and empty flags, 
and unlimited expansion capability in both word size 
and depth. The main application of the MK4503 is 
as arate buffer, sourcing and absorbing data at dif- 
ferent rates, (e.g., interfacing fast processors and 
slow peripherals). The full, half full and empty flags 
are provided to prevent data overflow and under- 
flow. The data is loaded and emptied on a First-In, 
First-Out (FIFO) basis, and the latency for the 
retrieval of data is approximately one load cycle 
(write). Since the writes and reads are internally se- 
quential, thereby requiring no address information, 
the pinout definition will serve this and future high- 
density devices. The ninth bit is provided to support 
control or parity functions. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PIN NAMES 
= Expansion in 
XO/HF = Expansion out 
Half Full Flag 
= Full Flag 
oRetranerit a = 5V 


October 1989 1/17 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 


w 
Ds 
D3 
D2 
Dt 
DO 

xi 
FF 
ao 
a1 
a2 
Q3 
as 

GND 
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FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK4503 employs a memory-based architecture 
wherein a byte written into the device does not "rip- 
ple-through". Instead, a byte written into the 
MK4503 is stored at a specific location, where it 
remains until over-written. The byte can be read and 
re-read as often as desired in the single device con- 
figuration. 


Twin internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 


The address pointers automatically loop back to ad- 
dress zero after reaching address 2047. The 
empty/half full and full status of the FIFO is therefore 
a function of the distance between the pointers, not 


Figure 2 : MK4503 Block Diagram. 


of their absolute location. As long as the pointers do 
not catch one another, the FIFO can be written and 
read continuously without ever becoming full or 
empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without affecting the write 
address pointer. 


With conventional FIFOs, implementation of alarger 
FIFO is accomplished by cascading the individual 
FIFOs. The penalty of cascading is often unaccep- 
table ripple-through delays. The 4503 allows im- 
plementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4503 allows connecting the read, write, data in, 
and data out lines of the MK4508s in parallel. The 
write and read control circuits of the individual FIFOs 
are then automatically enabled and disabled 
through the expansion-in and expansion-out pins. 


INPUT OUTPUT 
BUFFER BUFFER 


WRITE x9 i 
BiPORT 
MEMORY ARRAY 


ADDRESS 
POINTER 


READ READ 
ADDRESS GuTHOL —_—— 
POINTER CONTR 


EXPANSION LOGIC 


RESET/RETRANSMIT 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter 
Voltage on any Pin Relative to GND - 0.5 to + 7.0 
Operating Temperature Ta (ambient) 0 to + 70 


Storage Temperature - 55 to + 125 


Total Device Power Dissipation ee 
Output Current per Pin a ee 


* Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
rating only, and functional operation of the device at these, or any other conditions above those indicated in the operational 
sections of this specification, is not implied. Exposure to absolute maximum ratings for extended periods may affect device 


RECOMMENDED DC OPERATING CONDITIONS (0°C < T, <+ 70°C) 


| Veo | Supply Voltage 
| GND | Ground 
| Vin | 
| Vn 


Logic "1" Voltage all Inputs 
Logic "0" Voltage all Inputs 


Parameter 


| Min. | oe 

| In| Input Leakage Current (any input) | tT ae oe 
ou} Curt Leakage Gurent__f -1o } {so {ya {6 
Yon Output Logic "1" Voltage lout =- 1mA ey 
aie ae 


Output Logic "0" Voltage lout = 4mA 
[eos [ average Vee Pover Suny Gurent [PL ta0 mk [7 


loce2 fone Standby Current 12 mA 
= RS =FURT = Vip) 


| lcos_| Power Down Current (all inputs Veo-02V) | | | TA 7 


AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) Veo = + 5.0V + 10%) 


| CG, | Capacitance on | Capacitance on Input Pins = sid Pins 


ed 
£8 ae ee a a er 


Notes : 1. Pulse widths less than minimum values are not allowed. 

2. Measured using output load shown in Output Load Circuit. 
3. All voltages are referenced to ground. 

4.— 1.5 volt undershoots are allowed for 10ns once per cycle. 
5. Measured with 0.0 < Vin S$ Vec. 
6 
7 
8 
9 


~R 2 Vin, 0.0 2 Vout < Vcc. 

. lcc Measurements are made with outputs open. 
. With output buffer deselected. 

. Input levels tested at 500ns cycle time. 


f SGS-THOMSON ee 
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AC TEST CONDITIONS : 


Input Levels..............ccscscccecesseees GND to 3.0V 
Transition TimeS....sccssesssessseeseees 5ns 

Input Signal Timing 

Reference Level ............sssssssee0 5 

Output Signal Timing 

Reference Level ............:sssseseee 0.8V and 2.2V 
Ambient Temperature.............. 0°C to 70°C 
WCU ri tieisvetianses eessecerise Aeeoteeeemens: 5.0V+10% 
es ee i 
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Figure 3 : Output Load Circuit. 
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READ MODE 


The MK4503 initiates a Read Cycle (see figure 4) on 
the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not asserted. 
In the Read mode of operation, the MK4503 
provides a fast access to data from 9 of 18432 loca- 
tions in the static storage array. The data is ac- 
cessed on a FIFO basis independent of any 
on-going WRITE operations. After R goes high, data 
outputs will return to a high impedance condition 
until the next Read operation. 


In the event that all data has been read from the 
FIFO, the EF will go low, and further Read opera- 


Figure 4 : Read And Empty Flag Timing. 


t RPI 


INVALID INDETERMINANT 
READ READ 


— 
~ 
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tions will be inhibited (the data outputs will remain in 
high impedance). EF will go high twer after comple- 
tion of a valid Write operation. EF will again go low 
trer from the beginning a subsequent READ opera- 
tion, provided that a second WRITE has not been 
completed (see figure 6B). Reads beginning terr 
after EF goes high are valid. Reads begun after EF 
goes low and more than trpi before EF goes high are 
invalid (ignored). Reads beginning less than trp 
before EF goes high and less than terr later may or 
may not occur (be valid) depending on internal flag 
status. 


NOT EMPTY 


, 


as 


AC ELECTRICAL CHARACTERISTICS (0°C <T, <+ 70°C) (Vcc = + 5.0volts + 10%) 


ym. Parameter 


win. |Max. | Min. [Max.|Min. |Max.|tin, [Max. | in. [Max.[ in. |Max. 


Jia |Readcycletime | 80 | foo | | rao] frao | tzs| [eas] | ns | 
JAccessTime 


Access Time 


Read Recovery Time 


| tes] feo] | 
j1s| ja} fal jal fest fas} fas] | 


too | | r20| [sso] [200] ns | 2 | 


trpw| Read Pulse wisn | 5 | | 80 | | tool | r20| | ts0| [200] | ns | 4 | 
Es aa ee 


Tin [Atowiotwz ito | 


[toy | Data Valid fromRHigh |_| 
R High to High Z 

10 
[tapi | Read Protect Indeterminant | 


eo 
Eee 
par 
ae 
a 
a 
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WRITE MODE 


The MK4503 initiates a Write Cycle (see figure 5) on 
the falling edge of the Write Enable control input (W), 
provided that the Full Flag (FF) is not asserted. Data 
set-up and hold-time requirements must be satisfied 
with respect to the rising edge of W. The data is 
stored sequentially and independent of any ongoing 
Read operations. FF is asserted during the last valid 
write as the MK4503 becomes full. Write operations 
begun with FF low are inhibited. FF will go high tarF 


after completion of a valid READ operation. FF will 
again go low twrr from the beginning of a sub- 
sequent WRITE operation, provided that a second 
READ has not been completed (see figure 6A). 
Writes beginning trrw after FF goes high are valid. 
Writes beginning after FF goes low and more than 
twp! before FF goes high are invalid (ignored). 
Writes beginning less than twpi before FF goes high 
and less than trrw later may or may not occur (be 
valid), depending on internal flag status. 


Figure 5 : Write And Full Flag Timing. 


LAST VALID INVALID INDETERMINANT FIRST VALID 


WRITE WRITE WRITE WRITE 


NOT FULL NOT FULL 


FIRST 


VALID 
EK READ 


hc ae —— aa DATA VALID DATA 
IN 


AC ELECTRICAL CHARACTERISTICS (0°C < Ty $+ 70°C) (Veg = + 5.0volts + a ace 


[4503-65 [4503-60 [4503-10 | 4503-12 [4503-15 | 

Fe a ay a a 

Ping [witecycietime [eo | | ro0| _[1o} [rao] [175] [aos] [no] 
Fwew | Write Pulse wiath [es || 80 | [100] |r20| [150 | e00[ [ws | 7 
Tim [Write Recovey time [1s [20] |e} [2 [as] [es] | ne 
tos [Data SetUptime | 90} [40] | «0 | [40] [so] [es] | ns” 
to [Bata cistime | rot [ro] [wf [| |i} [10] [rs 
Tine [WuowtoFFiow | [et [vm] [es| [rel [ws] [ifn] 2 
‘ew [FFHighto vaiawate [vo] [vo] |v] [| |v] [to] [ne]? 
Ciass [Rvigh wo FF eign | _feo{ |v] e{ [wo] [rol [10] ne [2 
Pwr [Wit Protectindetorninant | [os[ [as] [es] [as] [as] [as|ns| 2 


Sym. Parameter | 
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Figure 6a : Read/write To Full Flag. 


FIRST READ 
SINCE FULL 
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RESET Although neither W orR need be high when RS goes 
The MK4503 is reset (see figure 7) whenever the low, both Wand R must be high tass before RS goes 
Reset pin (RS) is in the low state. During a Reset, —_—“high, and must remain high trsr afterwards. Refer 
both the internal read and write pointers are set to 0 the following discussion for the required state of 
the first location. Reset is required after power up, | FLAT and X! during Reset. 

before a Write operation can begin. 


Figure 7 : Reset. 


xxx Ne 
RLS “x 
KOKO KK KK XX 


es eceet 


Le, 


MX 
oo 


QO QR QDR DR QP DP 
RRR RKREK RRR 


Note : HF, EF and FF may change status during Reset, but flags will be valid at tagc. 


AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Voc = + 5.0volts + 10%) 


| fj zo | fs | is | 
peo | jroo} fs feof [os TT 
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RETRANSMIT active tats before RT goes high, and must remain 


The MK4503 can be made to retransmit (re-read ‘(Nigh for trrr afterwards. 

previously read data) after the Retransmit pin (RT) The Retransmit function is particularly useful when 
is pulsed low. (See figure 8). blocks of less than 2048 Writes are performed bet- 
ARetransmit operation sets the internalreadpointer | Ween Resets. The Retransmit feature is not com- 
to the first physical location in the array, but will not Patible with Depth Expansion. 

affect the position of the write pointer. R must be in- 


Figure 8 : Retransmit. 


\/ 
LY 


OSS 
SRR 


QO OOOO FLAG 
QR QR DDR QQ QO QR QO VOD 
SSIS 3555S Bo | VALID 


SOC OOOOOOOCOO OS, 


Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tare. 


AC ELECTRICAL CHARACTERISTICS (0°C <T, <+ 70°C) (Vcc = + 5.0volts + 10%) 


| 4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 | 

sie [_Perametr tei [Max.| Min. |Max.| Min, |Max.| Min. |Max.| Min. |Max. 

tatc | Retransmit Cycle 120 140 175 
Time 

tat Retransmit Pulse 100 150 200 
Width 

tatR | Retransmit Recovery 15 
Time 


tats | Retransmit Setup 
Time 
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SINGLE DEVICE CONFIGURATION 


A single MK4503 may be used when application re- 
quirements are for 2048 words or less. The MK4503 
is placed in Single Device Configuration mode when 
the chip is Reset with the Expansion In pin (XI) 
grounded (see figure 9). 


Figure 9 : A Single 2047 x 9 FIFO Configuration. 


WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected, 
from any one device. Figure 10 demonstrates an 18- 
bit word width by using two MK4503s. Any word 
width can be attained by adding additional 
MK45038s. The half full flag (HF) operates the same 
as in the single device configuration. 


(HF) HALF FULL FLAG 


DATA IN 


FULL FLAG 


EXPANSION IN (X1) i 


= 


READ 


(EF) EMPTY FLAG Date 


(RT) RETRANSMIT 


(HF) HALF FULL FLAG 


Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expan- 
sion configuration. Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC low and remain low until the difference between the 


Whenin single device configuration, the (HF) output + “ite pointer and read pointer is less than or equal 
acts as an indication of a half full memory. After half to one half the total memory. The half full flag (HF) 
of the memory is filled, and at the falling edge of the is then reset by the rising edge of the read operation 
next write operation, the half full flag (HF) willbe set (See figure 11). 


Figure 11 : Half Full Flag Timing. 


HALF-FULL HALF-FULL + 1 HALF-FULL 


AC CHARACTERISTICS (0°C <T, <+ 70°C) (Voc = + Svolts + 10%) 


Saseeeae seers _sece-sn | Seas 10.) seoe-t2 | as0s-18 {4500-20 
arame 


twHe | Write Low to Half Mex Mex. ex Mex 
Full Flag Low 

taye | Read High to Half 100 120 140 175 235 
Full Flag High 
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DEPTH EXPANSION (daisy chain) 


The MK4503 can easily be adapted to applicauuis 
when the requirements are for greater than 2048 
words. Figure 12 demonstrates Depth Expansion 
using the MK4503s. Any depth can be attained by 
adding additional MK4503s. 

External logic is needed to generate a composite 
Full Flag and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 


The MK4503 operates in the Depth Expansion con- 
figuration after the chip is Reset under the below 
listed conditions. 


1. The first device must be designated by grounding 
the First Load pin (FL). The Retransmit function is 
not allowed in the Depth Expansion Mode. 


2. All other devices must have FL in the high state. 


3. The Expansion Out (XO) pin of each device must 
be tied to the Expansion In (XI) pin of the next 
device. The Half Full Flag (HF) is disabled in this 


Figure 12 : A 4K x 9 FIFO Configuration (depth expansion). 


DATA IN 


XO 


MK4503 


DATA OUT 
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MK4503 
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EXPANSION TIMING 


Figures 13 and 14 illustrate the timing of the Expan- 
sion Out and Expansion In signals. Discussion of 
Expansion Out/Expansion In timing is provided to 
clarify how Depth Expansion works. Inasmuch as 
Expansion Out pins are generally connected only to 
Expansion In pins, the user need not be concerned 
with actual timing in a normal Depth Expanded ap- 
plication unless extreme propagation delays exist 
between the XO/XI pin pairs. 


Figure 13 : Expansion Out timing. 


WRITE TO 
LAST PHYSICAL 
LOCATION 
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Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in time 
by txo. and txou. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 


READ FROM 
LAST PHYSICAL 


LOCATION 


ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Voc = + 5.0volts + 10%) 


= Parameter 


ee a mn 
ron | Expansion Out righ | 


When in Depth Expansion mode, a given MK4503 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4503 in Depth Ex- 
pansion mode with FL high at RESET will not begin 
writing until after an Expansion In pulse occurs. 


7 {foot fats || 50 | 
se 


It will not begin reading until a second Expansion In 
pulse occurs and the Empty Flag has gone high. Ex- 
pansion In pulses must occur txis before the WRITE 
and READ signals they are intended to enable. Min- 
imum Expansion In pulse width, txi, and recovery 
time, txirn, must be observed. 
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Figure 14 : Expansion In Timing. 


WRITE TO 
FIRST PHYSICAL 
LOCATION 


READ FROM 
FIRST PHYSICAL 


LOCATION 


AC ELECTRICAL CHARACTERISTICS (0°C <T, < + 70°C) (Vog = + 5.Ovolts + 10%) 


Parameter 


Expansion in ao 
Width 


COMPOUND EXPANSION 


The two expansion techniques described above can 
be applied together in a straight forward manner to 
achieve large FIFO arrays (see figure 15). 


BIDIRECTIONAL APPLICATIONS 


Applications, which require data buffering between 
two systems (each system capable of READ and 


eee ee eee aoe ee eee 
[| [a [ex 


tyig_ | Expansion in 15 20 20 20 25 35 ns 
Recovery Time 

txig | Expansion in 25 30 45 85 
Setup Time 


repel [ey ele 


WRITE operations), can be achieved by pairing 
MK4503s, as shown in figure 16. Care must be 
taken to assure that the appropriate flag is 
monitored by each system. (i.e., FF is monitored on 
the device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion and 
Width Expansion may be used in this mode. 
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MK4503(N) 65/80/10/12/15/20 


Figure 15 : Compound Fifo Expansion. 


MK4503 


DEPTH EXPANSION DEPTH EXPANSION 


BLOCK 


Notes : 1. For depth expansion block see DEPTH EXPANSION Section and Figure 12. 
2. For Flag operation see WIDTH EXPANSION Section and Figure 10. 


Figure 16 : Bidirectional Fifo Application. 


SYSTEM B 


MK4503 
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R/W Cycle 
Time 


ORDER CODES 
Cea [me | PR 


as 
rcasoan-6s | eins | aon | tase | 2ePinPasiocP | 0°10 700 
rwicasosw-80 | eons | toons | tooMz | 28 Pin Plastic DIP | 0° to 70° 
rwikasosw-10 | 100s | tans | az | 28 PinPastioDIP | 0°10 70°C 
ricasoan-12 | 120ns [tans |_7.Miz | 28 Pin Past IP | 0°10 70°0 
Twias0sw-15 | 160ns | 17ens |S 7Mz | 28 Pin PastcDP | 0°10 70°0 
rmiasoan-20 [200s 


4.2MHz 28 Pin Plastic DIP 0° to 70°C 


[ated Tine dC Tim 
a 

ee 
rmkasos-10 Sd tng tang 
Cs 
sn 
en 
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MK4503(N) 65/80/10/12/15/20 
PACKAGE DESCRIPTION 
MK4503 PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS 
Se 
Min. |Max.| Min. [Max. 


ra] [sce [evo [ 2 | 
mi fossil] —_[ore| 


x2 [o.sse|oca| 40 | 160| 
ra Joss osca|.o15 | 021 [3 
Per [127 [1.776] 060] 070 | 


| |0.203/0.304] .008 | 012 | 3 | 
| D_|36.s76] 37.338|1.440|1.470] 1 _| 


Por |.651[2.150] 065 | 085 | 
Pe |rs24| isa7s| 000 | 22s | 
Tet [tease r4z24] 500 | 560] 
[et [aze6|2.708| 050 | 110 
rea [1524] 1778] 600] 700 | 
re feces] [reo] | 


Notes : 1. Overall length includes 010 in flash on either end of the package. 
2. Package standoff to be measured per jedec requirements. 
3. The maximum limit shall be increased by 003 in when solder lead finish is specified. 
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VERY HIGH-SPEED CMOS CLOCKED FIFO 


m 1024 x 5 ORGANIZATION 
a» VERY HIGH PERFORMANCE 


Frequency 


[as0s-25 | ane | 4owniz | tone 
[as05-33 | sans | aonHe | eons 
[4505-50 | sons | 2owHe | e6ns 


a RISING EDGE TRIGGERED CLOCK INPUTS 

» SUPPORTS FREE-RUNNING 40% TO 60% 
DUTY CYCLE CLOCK INPUTS 

m SEPARATE READ AND WRITE ENABLE IN- 
PUTS 

a BIPORT™ RAM ARCHITECTURE ALLOWS 
FULLY ASYNCHRONOUS AND SIMULTA- 
NEOUS READ/WRITE OPERATION 

u CASCADABLE TO ANY DEPTH WITH NO AD- 
DITIONAL LOGIC 

a WIDTH EXPANDABLE TO MORE THAN 40 
BITS WITH NO ADDITIONAL LOGIC 

a HALF FULL STATUS FLAG 

a FULL AND EMPTY FLAGS, ALMOST FULL, AL- 
MOST EMPTY, INPUT READY, OUTPUT VA- 
LID STATUS FLAGS (4505M) 

a FULLY TTL COMPATIBLE 


PDIP20 
(300-Mil PDIP) (300-Mil PDIP) 


(Ordering Information at the end of the datasheet) 


L AS 


~] 
rN) 


a] 


o 
r) 


DESCRIPTION 


The MK4505 is a Very High Speed 1K x 5 Clocked FI- 
FO memory. It achieves its high performance through 
the use of a pipelined architecture, a 1.2 full CMOS, 
single poly, double level metal process, anda memory 
array constructed using SGS-THOMSON’S 8 transis- 
tor BIPORT memory cell. 


The device is designed for use in applications where 
data is moving through a system on a square wave 
clock ; applications such as digitized video and 
audio, image processing, A-to-D and D-to-A conver- 
sions, high speed data links, Radar return sampling 
or data tracing. 


The device is available in two versions ; a Master, 
the MK4505M, and a Slave, the MK4505S. The 
Master provides all of the control signals necessary 
for reliable, full speed, fully asynchronous width ex- 
pansion and/or depth expansion. The Master also 
provides a full compliment of status flags, including 
Output Valid, Empty, Almost Empty, Half Full, Al- 
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most Full, Full, and Input Ready. The Master cannot 
be written while Full or read while Empty. The Slave, 
in contrast, can be forced to write and/or read con- 


PIN NAMES 


— +5 Volt, Ground 


Figure 2 : Block Diagram. 


WE, 


WE, 
(4505S) 


BUFFER 
READ 
READ CONTROL - 


tinuously regardless of device status ; a feature use- 
ful in triggered data acquisitions, or for retransmit 
(repeat reading) applications. 


4505M only 


FF, EF 
AF, AE 
DR, QV 


— Full and Empty Flag (active low) 
— Almost Full, Almost Empty Flag 
— Input Ready, Output Valid 


4505S only 


— Write Enable Input 2 
— Read Enable Input 2 (rising edge 
triggered 3 state control) 


RE, 
(4505M) 
RESS 


(4505S) 
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ABSOLUTE MAXIMUM RATINGS 


Vv 
| Po | Total Device Power Dissipation | Watt 
| te [Output Curentper Pin mA 


Note : Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at these or other conditions beyond those indicated in the 
operational section of this specification is not implied. Exposure to absolute maximum rating conditions for extended pe- 
riods of time may affect reliability. ; 


RECOMMENDED DC OPERATING CONDITIONS (0°C < T, <+ 70°C) 
Parameter 


Voc Supply Voltage 


Supply Voltage 
Logic 1 Input 


ViL Logic 0 Input 


Note : 1. All voltages referenced to GND. 


DC ELECTRICAL CHARACTERISTICS 
(Ta = 0°C to 70°C, Veg = 5.0 + 10%) 


Symbol purametet a et te pct epee] mt | Hote 
pone Min. |Typ.[Max.[Min. Typ. [Max.[Min. Typ.[Max. 
|_loc__| Average Power Supply Current | |115] 140] | 95 |140} [75140] ma | 1 


Tu [input Leckage Curent OSOSOSC~—CSsS~—SsSsti tet | 
[Vor | tosie 0 Output Votage (lour=@ma) ———SSs=—=“—*~“‘s*ésSC‘i A PC | 


Notes : 1. Measured with both ports operating at tex Min, 50% duty cycle, outputs open, Vcc max. Typical values reflect tcx Min, outputs 
open, with Vcc = 5.0, 25°C, with 50% duty cycle. 

Measured with V = 0.0V to Vcc. 

Measured at Qo — Qa, with QV = Low (4505M) ; after clocking with RE2 = Low (4505S). 

. All voltages referenced to GND. 


ROD 


CAPACITANCE (Ty, = 25°C, f = 1.0MHz) 


Parameter 


C Input Capacitance 
Output Capacitance Be 
Output Capacitance 2 


Notes : 1. Sampled, not 100% tested. Measured at 1MHz._ __ 
2. Measured at all data and flag outputs except EF and FF. 
3. Measured at EF and FF. 
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AC TEST CONDITIONS 


DEVICE 
UNDER 


v000273 


Note : Includes scope and test Fig. 


READ AND HOLD OPERATIONS 


The device will perform a Read on the next rising 
edge of the Read Clock (CKr) whenever (see fig- 
ure 4): 


. (4505S) RE; and REo2 are high at the rising 
edge of the clock. 


. (4505M) RE; and EF are high at the rising 
edge of the clock. 


Because the device only re-evaluates and updates 
the Empty Flag (EF) on the rising edge of CKr, the 
appearance of an active Empty Flag at valid flag ac- 
cess time, tf1a, assures the user that the next rising 
edge of CKr will generate an inhibit condition. All Q 
outputs will be High Z at taz from the rising edge of 
CKr. EF is latched between subsequent read 
clocks. 


The device will perform a Hold Cycle (hold over pre- 
vious data) if RE is low at the rising edge of the clock 


DEVICE | 
UNDER 


V000274 


(CKr). If EF (4505M) or RE2 (4505S) is low at the 
rising edge of the clock, then the outputs will go to 
High-Z. 


WRITE OPERATIONS 


The device will perform a Write on the next rising 
edge of the Write Clock (CKw) whenever (see fig- 
ure 5): 


_ (4505S) WE; and WEz are high at the rising 
edge of the clock. 


_ (4505M) WE; and FF are high at the rising 
edge of the clock. ; 


Because the device only re-evaluates and updates 
the Full Flag (FF) on the rising edge of CKw, the ap- 
pearance of an active Full Flag at valid flag access 
time, tr1a, assures the user that the next rising edge 
of CKw will generate a No-Op condition. FF is 
latched between subsequent write clocks. 
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MK4505M (Master) WRITE TRUTH TABLE. 


Present State 


Don’t Care 
Don’t Care 
Don’t Care 
Don’t Care 
Data In 


? = Device Status is referenced to the "next state” logic conditions. 
The "next state" flag logic level is unknown due to the possible occurence of a read operation. 


MK4505M ae READ TRUTH TABLE 


Present SSS 


Reset Hi Z 

Inhibit ? Hi Z 

Hold Previous Q 
Inhibit Hi Z 

Read ; Data Out 


? = Device Status is referenced to the "next state” flag logic and Qour conditions. 
The "next state” flag logic level is unknown due to the possible occurrence of a write operation. 


MK4505S (Slave) WRITE TRUTH TABLE 


Ky [gq present State | operation | ext State_ 
X Don't Care 

0 Don't Care 

1 Don't Care 

0 Don't Care 

1 Data In 


Inhibit 

Hold Previous Q 
Inhibit Hi Z 

Read Data Out 


RESET 


RS is an asynchronous master reset input. A Reset 
is required after power-up, before first write. Reset 
commences on the falling edge of RS irrespective 
of the state of any other input or output. The user is 
required to observe Reset Set Up Time (trss) only 
if the device is enabled (see figure 7). The trss 
specification is a don’t care if the device remains dis- 


abled (WE, = RE; = LOW). All status flag outputs will 
be valid trsa from the falling edge of RS, and all Q 
data outputs will be high impedance trsaz from the 
same falling edge. 


After Reset, if no valid Read operations have been 
performed since Reset, the "previous data” that will 
be output when executing the first Hold cycle will be 
all zeros (see figure 8). 


: 0 5/19 
ky tral Lt et 


255 


MK4505M/S 


AC ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, Voc = 5V + 10%) 


sent] Femme atc fm [a] | 
ema! Min. | Max. | Min. | Max. | Min, | Max. 


| tox | Clock CycleTime | 5 Tt gs || TT Tt 
| town | ClockHighTime | to | tt || 0 | ns Tt 
| tox, | ClockLowTime | to | tts || ao | i 
Bee 

| ty | Hold Ti 2 ae ee 
[ty ec Bi 

| tia_| Flag i Access Time || 15 
| tron 
| ton ao 
| tor | 
| to. | 


aa 
—_ 
Lead 
| 20 | 
| 20 | 
| 20 | | 25 | 
ed ee 
| 20 | 
liseaset 
toe 
fel 
| 66_| 
ee 
aoe 


_ 
o 
-|- 


a eee 9 
nm { 


a 
a aa 
6 
tes | Reset Puse wat —~—~S~d as | 
tran | Reset Flag Accestine ——~S«dt Sid 80 
eso | Resetto OuputsHighZ ——SC~sSCSCid | 
Tt | FistReadLatency——=S~=~rCS 
tes [ Fst Fag Gycioatoney Sit as | ids 


Notes : 1. All AC Electrical Characteristics measured under conditions specified in "AC Test Conditions". 
2. Measured w/40pf Output Load (figure 3A). 

3. Measured w/5pf Output Load (figure 3B). 

4. Need not be met unless device is Read and/or Write Enabled. 

5. Minimum first Write to first Read delay required to assure valid first Read. 

6 

7 

8 


C3 

fe 

os 

clock to OutputsHighZ——SSCSC~sSC‘i 
16 

25 
3 
= 


o 


J 
no 
=) 
oS No ©} | 
= on o|a}a 
— | A | Hk eH ee ee ee ee | 
o1 | @ | Go &}w]o [nr | 


. Minimum first Write to first Read Clock delay required to assure clearing the Empty Flag. 
. Flag 1 = EF, FF, QV, DR. 
. Flag 2 = AE, AF, HF. 


rr ee {a7 SGS-THOMSON 
S47 imcnozLecrromes 
256 


MK4505M/S 


Figure 4 : Read Cycle Timing. 


F | SSAA WW == UW dg WO 


a =k Wd 7 [ROM WW, 


WMMM“addo0¢4 _—— WY A Y/: 
| aS WU/AIINN. 
tOH ‘ taL-~ 


Note poet S particular diagram the EF changes logic es presuming that a valid WRITE operation has occured prior to the 
A sige of a at te. 


Figure 5 : Write Cycle Timing. 


: , WII 
aa\\\\XXX | 


(4505M) 


. VM Soar” Wii 


S) 


Not sat this particular fe a FF changes logic states presuming that a valid READ operation has ured prior to the 
sing edge of CKw at ts. 
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Figure 6 : Hold Cycle Timing. 


Note :EF = HIGH (master) 
RE2 = HIGH (slave) 


Figure 7 : Reset Cycle Timing. 


VALID DATA IN 


Note : tass must be met if the device is read AND/OR write enabled (WE1, RE: = High). 
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a 


FIRST HOLD READ 
AFTER RESET 
tac Pacts 
! 
| 


Figure 8 : First Hold After Reset. 


EF (4505M) 
OR 


RE, (4505S) 


Note : A valid write operation is presumed between ti and te. 


Figure 9 : Almost Empty Flag Timing (4505M only). 


LAST READ BEFORE 


Note : 1. This example does not show the hysterisis in the ALMOST FLAGS. 
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Figure 10 : Almost Full, Half Full Flag Timing. 


LAST WRITE 
BEFORE HF OR AF 


VALID VALID 
DATA IN DATA IN 
ts 


RE, (MASTER) 
RE, (SLAVE) 


at! : FIRST READ SINCE 
| HF OR AF 


FIRST READ SINCE 
HOLD PREVIOUS Q () HF OR AF 


Notes : 1. Q outputs in Master/Slave Width Expansion (RE2 = EF), or when using MK4505S Slave separately. 
2. Q outputs in Master-to-Master Depth Expansion (RE; with EF = HIGH), or when using the MK4505M separately. 
3. This example does not show the hysterisis in the ALMOST FLAGS. 


FLAG INTERPRETATION KEY 


Flag Flag Read Locations Write Locations 
Operation Affected Transition Remaining to Empty Available to Full 


= =a 
ala 


>| 


Y 
Y 
t ‘3 
¥ 
y PS 
k 
Y 


re 


Notes : *. Flag definition to the respective operation and clock. 

1. Allexamples are given in reference to the flag transition point, in the direction shown, for the given clock edge and operation. 
The flag remains stable as long as the condition that set or cleared the flag exists in the device. 

2. The table describes the number of the cycles that can be performed, including the next rising edge. 

3. Remaining Read or Available Write locations at the flag transition point reflects the hysterisis inherent to the internal scheme 
that detects the flag status. 

4. Asynchronous or simultaneous dual port operations at the flag transition point may result in a false flag status. When this 
occurs, the flag is evaluated and updated on the subsequent clock. 
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Figure 11 : Simultaneous Write/Read Timing (4505M only). 


WE, 


J | 


CKy 


tp 
tea 


ts 


‘rus | 
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Figure 12 : Simultaneous Write/Read Timing (4505S only). 
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SIMULTANEOUS WRITE/READ TIMING 


The Empty Flag (EF) is guaranteed to clear (go 
HIGH) in response to the first rising edge of the read 
clock (CKar) to occur tet (First Flag Latency) after a 
valid First Write (from the rising edge of CKw). Read 
clocks occurring less than ter. after a First Write may 
clear the EF, but are not guaranteed (see figure 10). 
As always, reads attempted in conjunction with an 
active Empty Flag are inhibited. Therefore, the next 
rising edge of CKr following tre will produce the first 
valid read. This is the tra. (First Read Latency) 
parameter, and must be observed for proper system 
operation with the latched EF. Coming from an 


empty condition, the First Read operation should be’ 


accomplished by enabling RE: no less than ts 
before the rising edge of CKr at ter. The Q outputs 
will present valid data ta from the rising edge of CKr. 


When using the MK4505S (Slave) separately, the 
user must observe the trrat (First Read Latency) 
parameter to ensure first-write-to-first-read valid 
data. Referring to figure 12, the first rising edge of 
CKr to occur tert after a First Write clock will 
guarantee valid data ta from the rising edge of CKr. 
Read operations attempted before tra is satisfied 
may result in reading RAM locations not yet written. 
Careful observance of ter. by the user is a must 
when using free running asynchronous read/write 
clocks on the MK4505S ; there is no automatic read 
and write protection circuitry in the Slave. 


It should also be noted that the MK4505M/S has an 
expected "fall-through delay time" described as First 
Write data presented to the FIFO and clocked out to 
the outside world. This can be calculated as : 
ts + tFRL + ta (from figure 11 or 12). Further occurring 


QV Definition Table. 
Before Read Clock 


valid read clocks will present data to the Q outputs 
ta from the rising edge of CKr. 


WIDTH AND DEPTH EXPANSION 


A single Master (MK4505M) is required for each 1K 
of depth configured. The number of Slaves that can 
be driven by a single Master is limited only by the ef- 
fects of adding extra load capacitance (Write and 
Read Enable Input Capacitance) onto the Input 
Ready (DR), Output Valid (QV), Full Flag (FF) and 
Empty Flag (EF) outputs. However, even 40 bits of 
width (8 devices) results in only 40pf of loading, 
which corresponds to the amount of load called out 
in the AC Test Conditions. Additional loading will 
slow the flags down, but as long as Enable Set Up 
time (ts) is met, slowing the flags has no negative 
consequences. 


DEPTH EXPANSION HANDSHAKE 
PROTOCOL 


The depth expansion handshake device connec- 
tions are shown in figure 13. The expansion inter- 
face signals can be considered transparent to the 
user, as long as the expansion clock continues to 
run. The Output Ready (QV) flag, and the Data 
Ready (DR) flag logic descriptions are detailed inthe 
following charts. Since the expansion clock is the 
read clock for the sending FIFO, as well as the write. 
clock for the receiving FIFO, these two signals 
prevent data loss during depth expansion applica- 
tions where the receiving bank (bank B, figure 13) 
goes full simultaneously as the sending bank goes 
empty (bank A, figure 13). 


Operation at CK After Read Clock 


Inhibit 


Empty 
Hold Active 
Read : Empty 


0 
> 1 
1 
22 


Read Active 


Notes : 1. Whenever EF is active low, further attempted read cycles are inhibited. 
2. QV is gated by RE: such that the QV flag will be latched low tr1a from the rising edge of CKr when RE; is low. The RE1 
input must meet the set-up time (ts) prior to the read clock edge. QV does not logically allow or prevent a read operation. 
3. Whenever RE; is active high, QV will always follows the EF signal by one read clock cycle. 
4. This condition displays a typical read operation when remaining memory locations (prior to the read operation) are from 2 
to 1024. EF and QV continue to acknowledge that the FIFO has more data available. 
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DR Definition Table. 


- Before Write Clock : 
Operation at CKy 
Write Available 


After Write Clock 


| WE, | FF 
X 0 
0 1 
0 1 
1 1 
0 1 
1 1 
0 1 
te 1 


Notes : 1. DRcan be low only when the MK4505M is full or (full-1). Whenever the device goes full (FF = low), then DR will be latched 
low tria from the same write clock edge (CKw) regardless of the logic state of the DR flag at the clock transition. Further 
attempted write operations are blocked since FF is low. 

2. If DR changes logic states after the write clock, then this example reflects the condition when the MK4505M has one (1) 
memory location available (full-1). DR will presume the opposite logic state of the previous cycle for subsequent write clocks 
if WE is disabled (low) and one memory location is available. Whenever the MK4505M goes full (FF =low), DR will be latched 
low in the same clock cycle. (This is part of the Depth Expansion Protocol, and acts to notify the sending unit that space is 
available.) The DR flag does not logically allow or prevent a write operation. 

3. If DR is a logic 1 before and after the write clock, then this example signifies that the available memory locations in the 
MK4505M are greater than or equal to 2, after the completed write operation. 

4. During a valid write cycle, the DR flag will go inactive low te1a from the rising edge of CKw if the write counter is (full-2) at 
the clock transition. This results is a (full-1) condition. (Refer to notes 1 and 2.) 

5. This condition displays a typical write cycle, where available memory locations (prior to the write operation) are from 3 to 


1024. DR and FF continue to acknowledge that the FIFO is ready to accept more data. 


Insummary, the QV flag follows the EF signal by one 
read clock cycle (in allinstances) when RE: is active 
high at the rising edge of CKr. Whenever RE is dis- 
abled (low), the QV flag will go low tria from the 
rising edge of CKr. Of course, the RE; input must 
satisfy the set-up time (ts) prior to CKr. The QV flag 
does not enable or inhibit read operations. Read 
protection is provided by the EF signal. 


The DR flag will go low one cycle prior to a full con- 
dition (full-1), or DR will go high at (full-2) from the 
rising edge of CKw. However, if WE: is disabled 
(low), and the device has one location available, 
then DR will toggle each subsequent write cycle until 
full. This way the device notifies the sending unit that 
at least one more byte of data can be accepted. 
When the device goes full, the DR flag will be latched 
low tF1a from the clock edge (during the same write 
cycle), regardless of its previous logic state. As with 
all valid write cycles, the WE; input must satisfy the 
set-up time (ts) prior to CKw. The DR flag does not 
enable or inhibit write operations. Write protection is 
provided by the FF signal. 


WIDTH AND DEPTH EXPANSION EX- 
AMPLES 


The width and depth expansion interface timing 
diagrams (figures 14 and 15) are in reference to the 
width and depth expansion schematic in figure 13 


ky SGS-THOMSON 


(For simplicity all clocks have the same frequency 
and transition rate). 


Example 1 - First Write Since Empty - Reading the 
timing diagram from the top left to bottom right, one 
can determine that figure 13 illustrates the effects of 
the first WRITE/READ cycles from an EMPTY array 
of FIFOs. Both of the EF pins are initially low (EF x, 
EF and REo). As data is written into Bank A, the ex- 
pansion clock reads data from Bank A and writes it 
to Bank B, the interface EF (EF and RE2) and the ex- 
ternal EF (EFx) go inactive (logic 1) while data is 
shifted through the FIFO array from Bank A through 
Bank B to the external output (Qx). The EF logic 
goes valid (logic 0) once data is shifted out of its 
respective bank. — ' 


Example 2 - First Read Since Full - Reading the 
timing diagram from the bottom left to top right, one 
can determine that figure 15 illustrates the effects of 
the first READs from a FULL array of FIFOs. As data 
is read out of the system (Qx), it allows Bank B to 
receive data (Qexp) shifted from Bank A. As Bank B 
shifts data out via Qx, allowing Bank A to shift data 
into Bank B, both banks will show a cleared FF 
Status (logic 1) on the expansion FF (FF and WE) 
as well as the internal FF (FFx). When Bank A is no 
longer considered FULL, Data In from the system 
(Dx) is now written into Bank A. The FIFO array is 
again completely Full. 
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MK4505M/S 


APPLICATION 


The MK4505 operates from a 5V supply. It is com- 
patible with all standard TTL families on all inputs 
and outputs. The device should share a solid ground 
plane with any other devices interfaced with it, par- 
ticularly TTL devices. Additionally, because the out- 
puts can drive rail-to-rail into high impedance loads, 
the MK4505 can also interface to 5V CMOS on all 
inputs and outputs. 


Since very high frequency current transients will be 
associated with the operation of the MK4505, power 
line inductance must be minimized on the circuit 
board power distribution network. Power and 
ground trace gridding or separate power planes can 
be employed to reduce line inductance. A high fre- 
quency decoupling capacitor should be placed next 


to each FIFO. The capacitor should be 0.1puF or 
larger. Also, a pull-up resistor in the range of 1KQ is 
recommended for the RESET input pin to improve 
proper operation. 


Though often times not thought of as such, the 
traces on a memory board are basically unter- 
minated, low impedance transmission lines. As 
such they are subject to signal reflections 
manifested as noise, undershoots and excessive 
ringing. Series termination in close proximity to the 
TTL drivers can improve driver/signal path im- 
pedance matching. While experimentation most 
often proves to be the only practical approach to 
selection of series resistors, values in the range of 
10Q to 33Q often prove most suitable. 
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EXTERNAL 
DATA IN, BANK A 


* DATA OUT, BANK A 


DATA IN, BANK B 
DATA OUT, BANK B 


WRITE CLOCK 


EXPANSION 
INTERFACE 


EXPANSION 
CLOCK 


READ CLOCK 


€1 ainbi4 


‘oewayos ud|suedxy Ydeq pue YIPIM OL X M2 S/AGOSPIN 


’ 


S/INSOSDYIN 


MK4505M/S 
Figure 14 : Example 1 - Width and Depth Expansion Interface Timing. 


t 
’ 
| | | | 4 | 
to ty t2 t3 6 7 8 
NEXT OPERATION BANK A WRITE WRITE ~~‘ WRITE READ READ INHIBIT INHIBIT INHIBIT INHIBIT 
DATA } DATA 2 DATA 3 DATA 2 DATA 3 (EMPTY). 
| | READ ea 


WE 


ATRL Et 


| 
WRITE CLOCK 


; fj ty 


. 


eo 


EFx 


READ CLOCK 


INHIBIT INHIBIT INHIBIT WRITE WRITE WRITE READ READ 
NEXT OPERATION BANK B INHIBIT = EMPTY 
(EMPTY) DATA DATA 2 DATA 3 DATA 2 DATA 3 = (EMPTY) 
READ DATAI 


000271 


Note : *. Example begins with both banks empty, as status flags indicate. 
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Figure 15 : Example 2 - Width and Depth Expansion Interface Timing. 


Sa MMMUMMMUMMMMUMMU/M/]qeqe Hp a > GD 


WRITE CLOCK 


EF RE? 


FF WE2 
* 


EXPANSION CLOCK | | | | | | | | | | | | | | | | 


REx 


READ CLOCK 


READ READ READ NO-OP  WRITE—.__WRITE —- WRITE 
NEXT OPERATION BANK B Q-DATA1 Q-DATA2 Q-DATA3 QExpo = QExp} ~—-QExp2—— 


—_— 
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Note : *. Example begins with both banks full, as indicated by status flags. 
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PACKAGES MECHANICAL DATA 
Figure 16 : MK4505M 24-Pin Plastic DIP (N), 300-Mil. 


Paz" 
Min. | Max. |Min. |Max. 

pA | ~ |5.a94[ - [eto] 2 | 

|At jossi| - |.o15| - | 

Az |3.048/3.556|.120|.140| | 

|B |o.ast|o.sea|.o15|.o21| 3 

Bt |1.143/1.778[.045|.070| | 

| ¢ |0.203]0.904| 08 |.012] 3 


Notes: 1. Overall Length includes .010 IN.Flash on either end of the package. \ 
2. Package standoff to be measured per Jedec requirements. 
3. The maximum limit shall be increased by .003 IN. when solder lead finish is specified. 


Figure 17 : MK4505S 20-Pin Plastic DIP (N), 300-Mil. 


Pata 
[Min | Max.|Min. |Max. 
pA | - [5994] - [ato] 2 | 
At jossi] - [ots] - | 2 | 
Az |.048|3.556|.120|.140| | 
|B |ossi/osea| 015 |.021| 3 | 
Bt |1.143]1.778|.045| 070] 
| ¢ |o.203/0.304| 008 | 012] 3 


7b [as20e| 26.97 [.020f.060) 1 
[or |rsea|1908] 060.078] 


Notes : 1. Overall Length includes .010 IN. Flash on either end of the package. 
2. Package standoff to be measured per Jedec requirements. 
3. The maximum limit shall be increased by .003 IN. when solder lead finish is specified. 
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ORDERING INFORMATION 


Part Number Cycle Time Oe eae eee Package Type 


MK4505MN-25 15ns 25ns 40MHz 0°C to 70°C PDIP24 300-MIL 
MK4505MN-33 20ns 33ns 30MHz 0°C to 70°C PDIP24 300-MIL 
MK4505MN-50 25ns 50ns 20MHz -0°C to 70°C PDIP24 300-MIL 


MK4505SN-25 15ns 25ns 40MHz 0°C to 70°C PDIP20 300-MiL 
MK4505SN-33 20ns 33ns 30MHz -  0°C to 70°C PDIP20 300-MIL 
MK4505SN-50 25ns 50ns 20MHz_ .. 0°C to 70°C PDIP20 300-MIL 


Note : PDIP = Plastic DIP. 


M N 25 
Speed grade 
Cycle Time 
Package Type 
N : Plastic DIP 


Device family and 
number identification 
4505M : Master 
4505S : Slave 


SGS-THOMSON prefix 
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-55/70 


(64 x 5) x2 


CMOS BIDERECTIONAL BiPORT FIFO/TRANSCEIVER 


mu DUAL 64 x 5 FIFOs PLUS A '245-TYPE 
TRANSCEIVER FUNCTION 

a FULLY ASYNCHRONOUS DUAL PORT 
OPERATION 

a» EMPTY, FULL, ALMOST FULL AND ALMOST 
EMPTY STATUS FLAGS 

a SPARE BITS FOR PARITY AND BEGIN- 
NING/END-OF-MESSAGE FLAGS 


PIN NAMES 


Wx, W 
Transceiver Direction Control 


ee 
EF x FRY | 
LEFy, FFx | 


AE AF | Xt0-Y FIFO Amost Empty 
aE, AFy | Yto%X FIFO Aimost Empiyfal 


October 1989 


a + 12mA OUTPUT DRIVE CAPABILITY 

m DUAL Vcc AND Vss FOR IMPROVED MARGIN 
AND DRIVE 

a 300 MIL DIP PACKAGE 

mn APPLICATION : ARBITRATION-FREE pP-TO- 
uP MESSAGE PASSING 


(Plastic Package) 


roe [ag oer 
raKasaean-ss [sens | Tone | Toure 
renkasaesn-ss | sens | 76ne | 13.MHe | 
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FIGURE 2. DEVICE LOGIC SYMBOL 


MK45264 MK45265 


TRUTH TABLE 


WOE SSSCdYSCe SC 
x | 


Hi Lo Hi. X X Transparent X-Y Data In DQ, 
Hi | L X X Transparent Y-X DQy Data In 


Sby X / Sby Y High Z 
Sby X / Read Y Data Out 
Sby X / Write Y Data In 


Read X / Sby Y Data Out High Z 
Read X / Read Y Data Out Data Out 
Read X / Write Y Data Out Data In 


Write X / Sby Y Data In High Z 
Write X / Read Y Data In Data Out 
Write X / Write Y Data In Data In 


X = Don't Care 


NOTE: Truth Table logic states presume all status flags to be inactive. 
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FIGURE 3. BLOCK DIAGRAM 


DQ 
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TRANSCEIVER 


& 
WRITE 
CONTROL 


DEVICE APPLICATION/FUNCTION 


The MK45264/65 contains two independent single 
direction FIFOs, and a bidirectional transceiver, con- 
nected via two internal three state busses to I/O 
drive circuits. One FIFO is pointed X-to-Y, and the 
other pointed Y-to-X. Either port’s FIFOs can be read 
or written asynchronous with FIFO read or write 
operations on the other port. The transceiver is ac- 
tivated with a low on G. 


ky SGS-THOMSON 


EF, (AE,) 


Once the transceiver is activated, direction is con- 
trolled by the R,/DIR pin. A high on R,/DIR points 
the transceiver X-to-Y; a low points it Y-to-X. A low 
on G disables FIFO operations. Activating the Tran- 
sceiver during FIFO operations may result in invalid 
or unpredictable FIFO operation. 
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\ 
AC ELECTRICAL CHARACTERISTICS 
(Ty = 0° to 70°C, Vog = 5.0 +10%) 


ALT. STD 
SYMBOL 
3 Read Pulse Width 


twe-wH 4 Write Pulse Width 


X-ceiver Disable to end of Read 
X-ceiver Disable to end of Write 
Read Recovery Time 

R Write Recovery Time 

Read Write Recovery Time 


‘ 


2) 
=< 
= 
w 
Oo 
rm 
c 


a | N“ hi A = 
m 
~~ : 4 


NITS 


t 
t 3 
Write Read Recovery Time 

to Read Cycle Time 
tc Write Cycle Time 

Data Set Up Time 
Data Hold Time 
tg R Low to Outputs Low-Z 
ta Read Access Time 
t Output Hold Time 
t Output Hold Time 
t R High to Outputs High-Z 
W Low to Outputs High-Z 
W Low to Full Flag Low 
R Low to Empty Flag Low | 
W Hi to Empty Flag High 
R Hi to Full Flag High 
W Low to Almost Full Flag Low 
R Low to Almost Empty Flag Low 
W Hi to Almost Empty Flag High 
R Hi to Almost Full Flag High 
Write Protect Indeterminate 
Read Protect Indeterminate 
Full Flag Recovery 
Empty Flag Recovery 
Reset Pulse Width 


O 
O 


\ 


- - ~-- -- - ~~ - -— - 

min jn [a [nm [In [a Ia I[s 

2 late le ls la de le 
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> 
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AC ELECTRICAL CHARACTERISTICS 
(Ta = 0° to 70°C, Voc = 5.0 +10%) 


ALT. STD. 
SYMBOL| SYMBOL | PARAMETER 


Reset Recovery Time - 
Reset to Full Flag Valid 


FV 
trrv 


tesa 
tary | 


Output Hold trom G 


F 2 
F X-ceiver Mode to FIFO Mode 


toirv-az R,/DIR to Output High Z 


Reset to Empty Flag Valid 


Reset to AE Flag Valid 


MIN 

Fa ae 
] 

en an 
a 

o 

= 

ro 

o 

= Le 
o 

iE 

o 

i 

i 

o 

oo 

- 


NOTES 5. Applies to AEy, AFx, AEy, AFy. Measured w/30pf Out- 
put Load. See Equivalent Load CircuitC. —__ 
1. All AC Electrical Characteristics measured under con- _6. Writes beginning a) more than t) (max) before FF goes 


ditions specified in “AC Test Conditions”. high will be blocked. b) less than t; (max) before and less 
2. Measured w/5pf Output Load. See Equivalent Load Cir- than teR (min) after FF goes high may be performed. 

cuit B. c) teR (min) after FF goes high will be performed. 
3. Measured w/30pf Output Load. See Equivalent Load Cir- 7. Reads beginning a) more than t; (max) before EF goes 
cuitA. — high will be blocked. b) less than t) (max) before and less 
4. Applies to EFy, FFy, FFy, EFy. Measured w/30pf Out- than teR (min) after EF goes high may be performed. 

put Load. See Equivalent Load Circuit C. C) teR (min) after EF goes high will be performed. 
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_ Read/Write 


The FIFOs utilize separate Read and Write enable 
inputs to control port activity and direction. A low 
on a Read Enable reads a port’s receive FIFO. A 
high on a Read Enable or a low on a Write Enable 
disables a port’s data outputs to a high impedance 
state. A low on a Write Enable initiates a write to 
a port’s transmit FIFO, regardless of the state of 
Read Enable. Input data is latched into the FIFO 
on the rising edge of a Write Enable. 


Full/Empty Flags 


An active Full Flag indicates that a port’s transmit 
FIFO is full and will accept no more data. Writes 
done to a FIFO while full are blocked. Once a read 
has occurred on a full FIFO, clearing a location in 
the FIFO, the Full Flag will go inactive, allowing 
another write to begin on the next falling edge of 
Write Enable. 


An active Empty Flag indicates a port’s receive FIFO 
is empty and can send no more data. Any reads 
done on a FIFO while empty are blocked. Once a 
write to an empty FIFO has occurred, the Empty 
Flag will go inactive, allowing another read to be- 
gin on the next falling edge of Read Enable. 


FIGURE 4. WRITE TIMING 


DATA IN 


6/18 


Almost Flags 


An inactive Almost Full flag indicates a port’s trans- 
mit FIFO has room for at least four (4) more bytes, 
which is to say the flag will go active during the 
fourth write from full and stay active until after the 
fourth location from full has been vacated (read). 
An inactive Almost Empty flag indicates a port’s 
receive FIFO has at least four (4) bytes of data in 
memory, ready to be read, which is to say that the 
flag will go active while reading the fourth remain- 
ing byte and remain active until after the fourth byte 
has been stored (written). 


Reset 


Reset is initiated by a low on the Master Reset (RS) 
input. A reset returns all data outputs to a high im- 
pedance state, taking precedence over the read 
strobes (R,/DIR and Ry) and G. The states of the 
FIFO control inputs (R,/DIR, Wy, Ry and Wy) are 
a Don't Care throughout reset. The read strobes are 
a Don't Care at the end of reset because the Emp- 
ty Flag becomes active (goes low) during reset, 
blocking any attempted reads. The write strobes 
(Wy and Wy) may fall any time during or after 
reset, but must not go high until tag, after RS goes 
high. 


DATA IN 
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FIGURE 5. READ TIMING 


FIGURE 6. WRITE/READ TIMING 


DATA IN 


FIGURE 7. READ/WRITE TIMING 
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FIGURE 8. FULL (ALMOST FULL) FLAG TIMING 


FIGURE 10. FIRST WRITE AFTER FULL TIMING 
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FIGURE 11. FIRST READ AFTER EMPTY TIMING 
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FIGURE 13. TRANSCEIVER RESET TIMING 
(EXAMPLE SHOWN WITH R,/DIR HIGH) 


DQ, DATA IN 


(CxB) 


FIGURE 14. FIFO MODE/TRANSCEIVER MODE TRANSITION 


FIGURE 15. TRANSCEIVER G TIMING 
(EXAMPLE SHOWN WITH R,/DIR HIGH) 
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FIGURE 16. TRANSCEIVER R,/DIR TIMING 
(EXAMPLE SHOWN WITH G LOW) 


DATA OUT 


DATA OUT 


FIGURE 17. WRITE/ALMOST FULL/FULL FLAG TIMING SUMMARY 


FIFO CONTENTS 
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FIGURE. 18. WRITE/ALMOST EMPTY/EMPTY FLAG TIMING SUMMARY 
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ABSOLUTE MAXIMUM RATINGS* 


SS Le eee 
~i5t0+ 70. 
20 


* Stresses greater than those listed "Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational section of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (Tj = 0° to + 70°C) 


Supply Voltage 
Supply Voltage 


Logic 1 Input | 22 
Logic 0 Input 08 


DC ELECTRICAL CHARACTERISTICS (T, = 0° to 70°C, Veg = 5.0 + 10%) 


Quiescent Power Supply Current, per Port 
Active Power Supply Current, per Port © 
Dynamic Power Supply Current, per Port 


[nf input Leakage Curent 
ae ae 


Notes : 1.Measured with outputs open. _— = 
2. Measured with opposite port quiescent ; R, W_and G 2 Vin (Min). __ 
3. Measured with opposite port quiescent ; R or W< Vu (Max) and G = Vix (Min). 
4. Measured with opposite port quiescent ; R or W toggling and G > Vin (Min). 
5. Measured with both ports operating at tc (min.). 
6. Measured with Vin = 0.0V to Vcc. 
7. All voltages referenced to Vss. 
8. Data Output Pins (DQx0-DQx4 and DQyo-DQya) lour = - 12m ; Flag Output Pins EFx, EFy, FFx FFy, AEx, AEy, AFx, AFy) 
lour = —1mA. 
9. Data Outputs (DQxo-DQx4 and DQyo-DQvya) lout = 12ma , Flag Output Pins -EFx EFy, FFx, -FFy, AE AEx, AEy. ~AFx, AFy) lour = 4mA. 


CAPACITANCE (T, = 0° to 70°C, Voc = 5.0 + 10%) 


Parameter 


Input Capacitance 
Output Capacitance 
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AC TEST CONDITIONS 


INDUL LOVEIS.. i a5. ee ied sons Se Ree ema als 
Mansion: TIMES: os 6503.54646 625e60-8a ee rae he 
Input and Output Reference Levels ............ 
Ambient Temperature ...................000- 


Voc = 50 Volts + 10% 


Ieaataisisadses este mova ora kt ee cat fa eines acerca 1.5 Volts 
Searles WY sat Ga eth Gah mahzen ang ee doses eB aa 0° to 70°C 


FIGURE 21. EQUIVALENT OUTPUT LOAD CIRCUIT 


298 OHMS 


116 OHMS 


1K OHMS 


667 OHMS 


APPLICATION ISSUES 
Width Expansion 


The MK45264/65 is designed to be used in sets of 
two or more, as shown below. The MK45264/65 is 
supplied in two configurations, MK45264 and 
MK45265; the MK45264 having Empty and Full 
Flags, the MK45265 having Almost Empty and 
Aimost Full Flags. This scheme allows a pair of 
devices to be connected in such a way as to as- 
sure that the PAIR present a full complement of sta- 
tus flags in BOTH directions, that is, both to the left 
and to the right. 


The resulting 10 bit wide configuration allows both 
parity AND beginning or end of message flag bits 
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298 OHMS 


116 OHMS 


“INCLUDES SCOPE AND TEST JIG. 


to be carried along with an 8 bit byte of data. The 
20 bit wide configuration allows carrying 2 bits of 
parity AND separate message start and stop bits 
in 16 bit applications. 


The MK45264/65 was designed as a 5 bit wide 
device in order to allow the use of a 300 mil DIP 
package; allowing the MK45264/65 to: a) achieve 
the highest function/board space ratio possible for 
a fully featured bidirectional BiPORT FIFO, b) pro- 
vide higher performance with improved noise mar- 
gins than would be possible in higher pin count 
packages, and c) provide greater flexibility to users 
of various bus widths. 
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FIGURE 22. (64x10)x2 WIDTH EXPANSION 


MK45364 


MK45265 


MK45264 


MK45265 
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Width Expansion and Word-Skew 


Word-skew, in this context, is defined as what hap- 
pens when FIFOs that are wired in parallel for width 
expansion get out of sync with one another. Halt- 
ing writes when full and reads when empty circum- 
vents the problems altogether. Reading while empty 
and writing while full should, therefore, be avoid- 
ed. The problem of word-skew can emerge if one 
is using the MK45264/65 in width expansion mode 
AND writing (or reading) WHILE full (or WHILE 
empty). 


Slight differences in Full (or Empty) Flag response 
delays between different devices may result in “dis- 
agreements” between adjacent devices as they go 
from Full to Not Full or from Empty to Not Empty; 
resulting in one device accepting an attempted write 
(or read) while an adjacent device blocks the cy- 
cle. The simplest approach to avoiding word skew 
is configuring the system using the FIFOs to begin 
reading only when the Almost Empty flag has gone 
high, rather than right after the Empty flag has gone 
high. In like manner, waiting to write until the Almost 
Full flag goes high, rather than right after the Full 
flag goes high will prevent the problem, which is 
why the Almost flags are provided. However, should 
such a scheme prove unworkable in a particular ap- 
pication, the addition of an external flag latching 
circuit can also solve the problem. 


The circuit shown below, when connected to the 
Write strobe and Full Flag, latches the status of the 
flag at the beginning of a write. If the flag is inac- 
tive, the Write strobe is passed through to the FIFO. 


When the flag goes active (low) the falling-edge trig- 
gered flop is reset. The reset flop, in concert with 
the level-sensitive latch and the OR gate block the 
write strobe. ~~ 


Tying the Flag to the Reset input of the edge- 
triggered flop assures that the Write strobe is 
blocked on the first write attempted after the flag 
falls. The level sensitive latch also prevents transi- 
tions in the flag from disturbing cycles that are al- 
ready in progress. In the event that a write is begun 
just as the flag is going inactive (high) the falling 
edge-triggered flop will latch its interpretation of the 
metastable flag. If it interprets the metastable input 
as being low, the present and next cycle are 
blocked, as were their predecessors. If it interprets 
the flag as being high, the present cycle is still 
blocked, because the the level sensitive latch was 
still seeing an active flag as the cycle began. 
However, the next attempted cycle is passed 
through. 


Although “throwing away” write cycles goes against 
the grain conceptually, it does not actually present 
a problem in this situation. It must be assumed that 
Writing while Full or Reading while Empty would 
only be allowed in applications where the write 
and/or read strobes are proceeding regardless of 
FIFO status anyway. “Throwing away” reads or 
writes cannot, by definition, be considered an error. 


Remember, overall signal timing must comprehend 
the delays of the particular components chosen to 
implement the external circuit. 


FIGURE 24. EXTERNAL ANTI-WORD-SKEW CIRCUIT 


FALLING EDGE-TRIGGERED 
D-TYPE FLIP-FLOP 


LEVEL SENSITIVE 
D-TYPE LATCH 
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Overlapping Read and Write Strobes 


Overlapping Read and Write strobes on agiven port timing diagrams are provided only to illustrate the 
is neither tested nor recommended. The following — relationship between the'control functions. 


FIGURE 25. OVERLAPPING READ/WRITE TIMING 


NOTE: THE SECOND D OUT IS THE SAME AS THE FIRST. A 
OVERLAPPING WRITE DOES NOT INCREMENT THE READ AD- 
DRESS COUNTER. 


FIGURE 26. OVERLAPPING READ/WRITE TIMING 


NOTE: THE SECOND D OUT IS NOT THE SAME AS THE FIRST. 
IT 1S, IN FACT, THE NEXT READ DATA. AN OVERLAPPING WRITE 
DOES NOT BLOCK THE READ STROBE FROM INCREMENTING 
THE READ ADDRESS COUNTER. 
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ORDERING INFORMATION 


R/W CYCLE TEMPERATURE 
PART NO. |ACCESS TIME] “ 7...°- [CLOCK FREQ.| PACKAGE TYPE | © ~ pace 
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« FIRST-IN-FIRST-OUT MEMORY BASED AR- 
CHITECTURE 

» FLEXIBLE x 9 ORGANIZATIONS : MK45HO01 
(512 x 9), MK45HO02 (1K x 9), MK45H03 (2K x 9) 

» LOW POWER, HIGH SPEED HCMOS TECH- 
NOLOGY 

» ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

» FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 

2 EMPTY AND FULL WARNING FLAGS 

s RETRANSMIT CAPABILITY 

a HALF-FULL FLAG IN SINGLE DEVICE MODE 


DESCRIPTION 


The MK45H01, MK45HO02, and MK45H03 are mem- 
bers of the BIPORT FIFO Family from SGS-THOM- 
SON Microelectronics, which utilize special two-port 
memory cell techniques. Specifically, these devices 
implement a First-In-First-Out (FIFO) algorithm, 
featuring asynchronous read/write operations, full, 
empty, and half full status flags, and unlimited ex- 
pansion capability in both word size and depth. The 
full and empty flags are provided to prevent data 
overflow and underflow. The data is loaded and 
emptied on a first-in-first-out basis, and the latency 
for retrieval of data is approximately one load (write) 
cycle. These devices feature a read/write cycle time 
of only 35ns (28.5MHz). 


Figure 1 : Pin Connections. 


Plastic DIP 


o on mom OH & O MM = 


October 1989 
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DESCRIPTION (continued) 


The reads and writes are internally ,sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address in- 
formation is required to load or unload data. Data is 
loaded and unloaded with the use of W (write), and 
R (read) input pins. Separate data in (Do-Ds) and 
data out (Qo-Qs) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under- 
flow or overflow. 


The main application of these devices is a buffer for 
sourcing and absorbing data at different rates (e.g., 
interfacing fast processors and slow peripherals). 
The MK45H01, MK45H02, and MK45HO03 incor- 
porate 9-bit wide data arrays that provide for support 
control or parity bit functions. This feature is helpful 
in data communications where the extra parity bit is 
used for transmission and reception error checking. 
These devices also offer retransmit (RT) and half- 
full features in single device or width expansion 
modes. The retransmit function allows data to be re- 
read by resetting the read pointer while not disturb- 
ing the write pointer. This is for applications where 
the FIFO is not full, or is written with less than 512, 
1024, or 2048 words. The MK45H01, MK45HO02, 
and MK45HO03 continue our 28-pin industry stand- 
ard pin-out assignment. 


Figure 2 : MK45HOX Block Diagram. 
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FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK45H01, MK45H02, and MK45H03 employ a 
memory-based architecture wherein a byte written 
into the device does not "ripple through". Instead, a 
byte written into the device is stored in a specific 
location, where it remains until over-written. The 
byte can be read and re-read as often as desired in 
the single device configuration. 


Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 
The address pointers automatically loop back to ad- 
dress zero after reaching the final address in the 
FIFO (512, 1024, or 2048). The empty, half full, and 
full status of the FIFO is therefore a function of the 
distance between the pointers, not of their absolute 
location. As long as the pointers do not catch one 
another, the FIFO can be written and read con- 
tinuously without ever becoming full or empty. 


ae 


ae 
READ READ 
ADDRESS 
cConTROL| 


MEMORY ARRAY 


EXPANSION LOGIC 


RESET/RETRANSMIT 
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ABSOLUTE MAXIMUM RATINGS* 


a a 7 
Storage Temperature 


* This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification is not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C <T, <+ 70°C) 


Parameter 


Supply Voltage 4 


Parameter 


Average VCC Power Supply Current 
Average Standby Current 
(R = W = RS = FLAT = VIH) 
Power Down Current 
(Inputs = VCC — 0.2V) 
Input Leakage Current (Any Input) 
Output Leakage Current 
( 


Output Logic 1 Voltage (IOUT = — 4.0mA) 
Output Logic 0 Voltage (IOUT = 8.0mA) Wie sso 


1. Pulse widths less than minimum values are not allowed. 
2. Measured using output load shown in Output Load Circuit. 
3. All voltages are referenced to ground. 

4. Measured with 0.4 < Vin S Vcc. 
5 
6 


~R > Vin, 0.4 = Vout < Vcc. 
. Icc Measurements are made with outputs open. 
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Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 


With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading individual 
FIFOs. The penalty of cascading is often unaccep- 
table ripple through delays. The MK45H01, 
MK45H02, and MK45HO3 allow implementation of 
very large FIFOs with no timing penalties. The 
memory-based architecture of the device allows 
connecting the read, write, datain, and data outlines 
of the device in parallel. The write and read control 
circuits of the individual FIFOs are then automat- 
ically enabled and disabled through the expansion- 
in and expansion-out pins. 


WRITE MODE 


The MK45HOxX initiates a Write Cycle (see figure 3A) 
on the falling edge of the Write Enable control input 


Figure 3A : Write and Full Flag Timing. 


LAST VALID INVALID 


WRITE WRITE 


(W), provided that the Full Flag (FF) is not asserted. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is asserted during the 
last valid write as the MK45HOX becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high trrr after completion of a valid READ opera- 
tion. FF will again go low twer from the beginning of 
a subsequent WRITE operation, provided that a 
second READ has not been completed (see fig- 
ure 4A). Writes beginning terw after FF goes high 
are valid. Writes beginning after FF goes low and 
more than twp) before FF goes high are invalid (ig- 
nored). Writes beginning less then twp: before FF 
goes high and less then trrw later may or may not 
occur (be valid), depending on internal flag status. 


INDETERMINANT FIRST VALID 
WRITE WRITE 


NOT FULL FULL NOT FULL 
t 
— RFF 
R 
DD , 
IN IN 
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AC ELECTRICAL CHARACTERISTICS (0°C < Ty < + 70°C) (Vog = + 5.0V + 10%) 


iin. 


tare | RHigh to FF High 


Write Protect Indeterminant 


READ MODE 


The MK45HOX initiates a Read Cycle (see fig- 
ure 3B)_on the falling edge of Read Enable control 
input (R), provided that the Empty Flag (EF) is not 
asserted. In the read mode of operation, the 
MK45HOX provides a fast access to data from 9 of 
the locations in the static storage array. The data is 
accessed on a FIFO basis independent of any on- 
going WRITE operations. After R goes high, data 
outputs will return to a high impedance condition 
until the next read operation. 

In the event that all data has been read from the 


Figure 3B : Read and Empty Flag Timing. 


Pi 


INVALID INDETERMINANT 
READ READ 


aneeey 


i Loy 
W Low to FF i 45 | [eo] | 
[teew [FFHightoValidwrite | f to | fo] [to] [to] | to] ns] 2 | 
igh to FF Hi | ft so] fas} fas} eol | eo|ns| 2 | 
jto] fol fil fio] [ro] [ns] 2 | 


FIFO, the EF will go low, and further READ opera- 
tions will be inhibited (the data inputs will remain in 
high impedance). EF will go high twer after comple- 
tion of avalid WRITE operation. EF will again go low 
treF from the beginning a subsequent read opera- 
tion, provided that a second WRITE has not been 
completed (see figure 4B). Reads beginning teer 
after EF goes high are valid. Reads begun after EF 
goes high are invalid_(ignored). Reads beginning 
less than tre: before EF goes high and less then terrR 
later may or may not occur (be valid) depending on 
internal flag status. 


NOT EMPTY 


OX 
4, 
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AC ELECTRICAL CHARACTERISTICS (0°C <T, <+ 70°C) (Veg = + 5.0V + 10%) 


| sym. Parameter 


Read Cycle Time 


—_k 
rar ra) 


—_ we) 
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Sym. 
tac 


ta _| Read Protect ndetonert 


Figure 4A : Read/Write to Full Flag. 
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Figure 4B : Write/Read to Empty Flag. 
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RESET 


The MK45HOxX is reset (See figure 5) whenever the 
Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 


Figure 5 : Reset. 
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Although neither W or R need be high when RS goes 
low, both R and W mustbe high trss before RS goes 
high, and must remain high trsr afterwards. Refer 
to the following discussion for the required state of 
FL/RT and XI during Reset. 


SERRE EKR KERRY 


Note : HF, EF and FF may change status during Reset, but flags will be valid at tasc. 


AC ELECTRICAL CHARACTERISTICS (0°C < T, < + 70°C) (Voc = + 5.0V + 10%) 


Reset Cycle Time 


Reset Set Up Time 


i nj in jie 
in nn, ain 

rs| [as] [es] [ao] [wo] [re | — 
as {fas Tso] [es | [120] re 
Per | Rest esny tne [10 | P10 Tos] [ve |] [20 [ref 
[es | [a0 [Tao [Tas | —Pr00| Pre [— 


[ResetPulseWidth | 25 | 
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RETRANSMIT 


The MK45HOX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See figure 6). A Retransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 


Figure 6 : Retransmit. 


NOTE 
HF, EF, and FF may change status during Retransmit, 
but flags will be valid at t 


RTC 


SOECOCCECCOCOCOCCCCOCOCCOCCOCCCCCCCCCCCCCCS 
HE EA FE SR 


ceatees 
SORRY 


pointer. R must be inactive tats before RT goes 
high, and must remain high for tatr afterwards. 


The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per- 
formed bet-ween Resets. The Retransmit feature is 
not compatible with Depth Expansion. 


KOO FLAG 
SSX] VALID 


AC ELECTRICAL CHARACTERISTICS (0°C <T, < + 70°C) (Vcog = + 5.0V + 10%) 


Retransmit Cycle Time 
Retransmit Pulse Width 


Retransmit Recovery Time 


Retransmit Setup Time 
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SINGLE DEVICE CONFIGURATION 


A single MK45HOX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HOX is placed in the Single Device 
Configuration mode_when the chip is Reset with the 
Expansion In pin (Xl!) grounded (see figure 7). 


Figure 7 : A Single MK45HOX FIFO Configuration. 
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WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 8 demonstrates an 18- 
bit word width by using two MK45HOXs. Any word 
width can be attained by adding additional 
MK45HOXs. The half full flag (HF) operates the 
same as in single device configuration. 


(HF) HALF FULL FLAG 


DATA IN 


FULL FLAG 


EXPANSION IN (x!) i 


(EF) EMPTY FLAG DATA OUT 


(RT) RETRANSMIT 


Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expan- 
sion configuration. Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC low and remain low until the difference between the 
When in single device configuration, the (HF) outpu write pointer and read pointer is less than or equal 


acts as an indication of a half full memory. After half t© one half the total memory. The half full flag (HF) 
of the memory is filled, and at the falling edge of the is then reset by the rising edge of the read operation 
next write operation, the half full flag (HF) willbe set (See figure 9). 


Figure 9 : Half Full Flag Timing. 


HALF-FULL HALF-FULL + 1 HALF-FULL 


AC CHARACTERISTICS (0°C <T, $+ 70°C) (Voc = + 5V + 10%) 


itn. [ax in.JMax| in [ain [Ma in. [Max 
ine [WiteLowtoHatFulFlagiow | [a0] [a5] | 45] [eo] | 60 
Tine [Read High to Half Ful Fiagrign | | a0[ [95] [45] [eo] [60 
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DEPTH EXPANSION (daisy chain) 


The MK45HOX can be easily adapted to applica- 
tions when the requirements are greater than the in- 
dividual device word depth. Figure 10 demonstrates 
Depth Expansion using two MK45HOXs. Any depth 
can be attained by adding additional MK45HOXs. 


External logic is needed to generate a composite 
Full_and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the EEs (i.e.. all must 
be set to generate the composite FF or EF). 


MK45H01/2/3(N,K)-25,35,50,65,12 


The MK45HOX operates in the Depth Expansion 
configuration after the chip is Reset under the below 
listed conditions : 


1. The first device must be designated by grounding 
the First Load pin (FL). The Retransmit function is 
not allowed in the Depth Expansion Mode. 


2. All other devices must have FL in the high state. 
3. The Expansion Out (XO) pin of each device must 
be tied to the Expansion In_(Xl) pin of the next 


device. The Half Full Flag (HF) is disabled in this 
mode. 


Figure 10 : A Two Device Depth Expansion Configuration. 
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EXPANSION TIMING 


Figures 11 and 12 illustrate the timing of the Expan- 
sion Out and Expansion In signals. Discussion of 
Expansion Out/Expansion In timing is provided to 
clarify how Depth Expansion works. In asmuch as 
Expansion Out pins are generally connected only to 
Expansion In pins, the user need not be concerned 
with the actual timing in a normal Depth Expanded 
application unless extreme propagation delays exist 
between the XO/XI pin pairs. 


Figure 11 : Expansion Out Timing. 


WRITE TO 
LAST PHYSICAL 
LOCATION 


Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in time 
by txo. and txoun. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 


READ FROM 
LAST PHYSICAL 
LOCATION 


AC ELECTRICAL CHARACTERISTICS (0°C < T, $+ 70°C) (Voc = + 5.0V + 10%) 


Parameter 


aoe Out Low 


When in Depth Expansion mode, a given MK45HOX 
will begin writing and reading as soon as_valid 
WRITE and READ signals begin, provided FL was 
grounded at RESETtime. A MK45HOX in Depth Ex- 
pansion mode with FL high at RESET will not begin 
writing until after an Expansion in pulse occurs. 


\-300 


Min. |Max.|Min.|Max.|Min. [Max.|Min. [Max.| Min. |Max, 
MEE 
Chor [Eepansion Outtigh | [2s] Les | [oss | [20 Tne | 


| 50 | 65 | +120 
5{  |4o} [55] | 90} ns} 


It will not begin reading until a second Expansion In 
pulse and the Empth Flag has gone high. Expansion 
In pulses must occur txis before the WRITE and 
READ signals they are intended to enable. Minimum 
Expansion In pulse width, tx1, and recovery time, 
txin, Must be observed. 


GS- 
AY) Sicsonecracies 


Figure 12 : Expansion In Timing. 
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READ FROM 
FIRST PHYSICAL 


LOCATION 


AC ELECTRICAL CHARACTERISTICS (0°C <T, <+ 70°C) (Vcc = + 5.0V + 10%) 


Expansion in Setup Time 


COMPOUND EXPANSION 


The two expansion techniques described above can 
be applied together in a straight forward manner to 
achieve large FIFO arrays (see figure 13). 


BIDIRECTIONAL APPLICATIONS 


Applications, which require data buffering between 
two systems (each system capable of READ and 


sm ee Min, |Max.|Min. [Max./Min. 


sym. 

| tu | ExpansioninPulsewidth | 25 | | 35 | | 45 || 60 

ten _[ Expansion in Recovery Time | 10| |4o| |[10{ [ao] [to{ [rs] 
15] fi] fis] fst fs] [ns] 


ond, 


ee 
Max.|Min. [Max.| Min, [Max. 
| [45] fins | ot 


WRITE operations), can be achieved by pairing 
MK45HOXs, as shown in figure 14. Care must be 
taken to assure that the appropriate flag is 
monitored by each system. (i.e., FF is monitored on 
the device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion and 
Width Expansion may be used in this mode. 
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Figure 13 : Compound FIFO Expansion. 


Q(N-8)-QN 


MK45HOX MK45HOX MK45HOX 
DEPTH EXPANSION DEPTH EXPANSION DEPTH EXPANSION 
BLOCK BLOCK BLOCK 


D(N-8)-DN 


Notes : 1. For depth expansion block see DEPTH EXPANSION Section and Figure 10. 
2. For Flag operation see WIDTH EXPANSION Section and Figure 8. 


Figure 14 : Bidirectional FIFO Application. 
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ORDER CODES 


[PartNo | Access Time | Cycle Time | Package Type | Temperature 


| MKASHOIN-25 
| MKA5HOIN-35 

| ins 
| MKASHOIN-65 | 80ns_ | GODMIL Plastic DIP | 0° to 70°C 
|MKA5HOIN-12 | 120ns_ | 140ns_ | GOD MIL Plastic DIP | 0° to 70°C 
|MKa5HOIK-25 | 25ns_ | ns |e PLCC | oto 70°C 
pmkasHoiK-35 | asns_ | ans |g PLCC | oto 70°C 
|MK4SHO1K-50 | | ans | 2 Pice | to 70 
|MK45HO1K-65 | | 80m 


TwikcasHoik-12 | 120ns—+|—t4ons ~*~ uc | onto 7090 
Pmicasto2n-26 | _25ns—~+| eins —*(| S00 MIL PistioDIP | 0°10 70° 
rimicastioan-2s | a8ns_—+Y—asns—~—~*d*CBOO MIL PastcP | 010 70° 
rmikasHo2N-s0 | sons (| ans ——*«| 600 MIL PastiodP | 0°10 70° 


- 
m 
= 
7 
x 
5s 


MK45HOQN-12 600 MIL Plastic DIP 0° to 70°C 
ruKasnoakss | asrs 52 PLO 


ass | 
PwicastoaK-so | sons~+| —esns.—~=«;~=SCtae uc ~~ TOK 
Pinkastoak-ss | ess —+(| ans ~—~=C*dtSCS*C‘ aL «d| COTO 
PwicastoaK-12 [tens ‘| tans =i Sse uc =| oto 700 
rmicasHoan-25 | _25ns—~| ins —*(|C6O0 MIL Pastis | 0°10 70° 
Tmikastoan-ss | osns_——+(| 45s ——~(Y*S00 MIL PasticoP | 0" 700 
rinikasHoan-so | sons | 65ns | 600MIL Plasto | 0°10 700 
ens 
rmikastoak-25 | 25ns ~~~ ans —~SC*dSCSC PLCC 70" 
ricasnoak-o5 | sns «(|S ans ~—S*dPSC ae uc —d| ot 70 
sons o 
0 


0 
Picastosices | eins 
rmkasoaka2 | tens (| _—t4ons_—=«dt~StCt PLC ~«*;SC tO TOS 
Pukastiian-2s | 2ns_———*(| ~~ sns ~——~*dS«SOOMIL Past P | orto 700 
rmikastiian-so | sons—*|—esns—~—~*;~S00MIL PlasticP | om to 700 
ricastianes | eins + ons ~~ S00MILPlasticoP | orto 700 
Pwkasnian-r2 [120s ___140ns_| S00MIL PastioDIP_[ 0° to 70°C 


| PartNo | AccessTime | RW Cycle Time 


MK45H01/2/3-65 ps 80ns, 12.5MHz 
MK45H01/2/3-12 140ns, 7.14MHz 
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PACKAGE DESCRIPTION 


MK45HOX PLASTIC (N TYPE) DUAL—IN-LINE, 28 PINS 


Notes : 1. Overall length includes 010 in flash on either end of the package. 
2. Package standoff to be measured per jedec requirements. 
3. The maximum limit shall be increased by 003 in when solder lead finish is specified. 


MK45HOX PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE) 
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PACKAGE DESCRIPTION 


MK45HOX PLASTIC DIP (N), 28 PINS 
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HIGH SPEED 4K x 9/ 8K x 9 CMOS BIPORT!™ FIFO 


= FIRST-IN-FIRST-OUT MEMORY 
ARCHITECTURE 

a FLEXIBLE 4K x 9, 8K x 9 ORGANIZATIONS 

a LOW POWER, HIGH PERFORMANCE HCMOS 
TECHNOLOGY 

» ASYNCHRONOUS AND = SIMULTANEOUS 
READ/WRITE 

a BIDIRECTIONAL AND RATE BUFFER APPLI- 
CATIONS 

m FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 

a EMPTY AND FULL WARNING FLAGS 

» RETRANSMIT CAPABILITY 

a HALF-FULL FLAG IN SINGLE DEVICE MODE 


BASED 


DESCRIPTION 


The MK45H04 and MK45H08 are members of the 
BiIPORT FIFO Family from SGS-THOMSON 
Microelectronics, which utilize special two-port 
memory cell techniques. Specifically, these devices 
implement a First-In-First-Out (FIFO) algorithm, 
featuring asynchronous read/write operations, full, 
empty, and half-full status flags, and unlimited expan- 
sion capability in both word size and depth. The full 
and empty flags are provided to prevent data over- 
flow and underflow. The data is loaded and emptied 
ona first-in-first-out basis, and the latency for retrieval 
of data is approximately one load (write) cycle. These 
devices feature a read/write cycle time of only 35ns 
(28.5MHz). 


The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address in- 
formation is required to load or unload data. Data is 
loaded and unloaded with the use of W (write), and 
R (read) input pins. Separate data in (Do-Dg) and data 
out (Qo-Qs) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data underflow 
or overflow. 


The main application of these devices is as a rate 
buffer for sourcing and absorbing data at different 
rates (e.g., interfacing fast processors and slow 
peripherals). The MK45H04 and MK45HO08 incor- 
porate 9-bit wide data arrays that provide for support 
control or parity bit functions. 


January 1989 


(Plastic Package) 


Figure 1 : Pin Connections. 


Plastic DIP 
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PIN NAMES 


FURT = First Load/ EF  =Empty Flag 
Retransmit HF = Half-full Flag 


Vec__ Power, + 5 Volts 
Q).s = Data out GND = Ground 
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This feature is helpful in data communications 
where the extra parity bit is used for transmission 
and reception error checking. These devices also 
offer retransmit (RT) and half-full features in single 
device or width expansion modes. The retransmit 
function allows data to be re-read by resetting the 
read pointer while not disturbing the write pointer. 
This is for applications where the FIFO is not full, or 
is written with less than 4096, or 8192 words. The 
MK45H04 and MK45H08 continue our 28-pin in- 
dustry standard pin-out assignment. 
FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, 
the MK45H04 and MK45H08 employ a memory- 
based architecture wherein a byte written into the 
device does not “ripple through”. Instead, a byte 
written into the device is stored in a specific loca- 
tion, where it remains until over-written. The byte 
can be read and re-read as often as desired in the 
single device configuration. 


Two internal pointers (ring counters) automatically 
generate the addresses required for each write 
and read operation. The empty/full flag circuit 
prevents illogical operations, such as reading un- 
written bytes (reading while empty) or over-writing 
un-read bytes (writing while full). Once a byte 


Figure 2 : MK45HOX Block Diagram. 


stored at a given address nas been read, it can be 
over-written. The address pointers automatically 
loop back to address zero after reaching the final ad- 
dress in the FIFO (4096 or 8192). The empty, half 
full, and full status of the FIFO is therefore a function 
of the distance between the pointers, not of their ab- 
solute location. As long as the pointers do not catch 
one another, the FIFO can be written and read 
continuously without ever becoming full or empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read pointer without effecting the write address 
pointer. 


With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading in- 
dividual FIFOs. The penalty of cascading is often 
unacceptable in ripple through delays. The 
MK45H04 and MK45H08 allow implementation of 
very large FIFOs with no timing penalties. The 
memory-based architecture of the device allows 
connecting the read, write, data in, and data out 
lines of the device in parallel. The write and read 
control circuits of the individual FIFOs are then auto- 
matically enabled and disabled through the expan- 
sion-in (Xl) and expansion-out (XO) pins. 


INPUT OUTPUT 
BUFFER BUFFER 


WRITE x9 
WwW 
Senunen ADDRESS BiporT ™ 
NTR POINTER MEMORY ARRAY 


EXPANSION LOGIC 


RESET/RETRANSMIT 
LOGIC 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter | tte it 
Voltage on any Pin Relative to GND — 0.3 to + 7.0 ae 


V 
°C 


" This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operation sections of this specifications is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C <T, <+ 70°C) 


‘Symbol| Parameter | Min, | Max. | Units | Notes | 
| GND |Ground | | 
| Ma [bogicOallinputs | HS || 


DC ELECTRICAL CHARACTERISTICS (0°C <T, < + 70°C) (Veg = 5.0 + 10%) 


Symbol] Parameter | Min. |, Max. | Units | Notes 
| kor | Average VCC power Supply Current | | 120 | mA | 


ce | Average Standby Current 
(R= W=RS=FLRT=V,,) 


i Lee 

(Inputs > Veg - 0.2V) | 
Output Logic 1 Voltage (lour = — 4.0mA) a ee ees ee eee 
Output Logic 0 Voltage (lour = 8.0MA) ee (ee ee ee ee 


AC ELECTRICAL CHARACTERISTICS (TA = 25°C, f = 1.0MHz) 


Symbol] Parameter | Typ. | Max. | _Unit_| Notes | 
|, | Capacitance on inputPins | | 
| Co | CapacitanceonOutputPins | | || 8 


Notes : 8. Sampled : not 100% tested. 
9. Output buffer deselected. 
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WRITE MODE 


The MK45HOxX initiates a Write Cycle (see Figure 3A) 
on the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not asserted. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The data 
is stored sequentially and independent of any ongo- 
ing Read operations. FF is asserted during the last 
valid write as the MK45HOX becomes full. Write 
operations begun with FF low are inhibited. FF will go 


Figure 3A : Write and Full Flag Timing. 


LAST VALID INVALID 
WRITE WRITE 


NOT FULL 
—_—_—___—_—_——_—_f 


t 
DH 
s 
N 


R 
D-D , 


0 


t 
7 D 
VALID DATA 
Ce 7) IN 


high tarr after completion of a valid READ operation. 
FF will again go low twrr from the beginning of a 
subsequent WRITE operation, provided that the 
second READ has not been completed (see Figure 
4A). Writes beginning terw after FF goes high are 
valid. Writes beginning after FF goes low and more 
then twp before FF goes high are invalid (ignored). 
Writes beginning less than twp! before FF goes high 
and less than trrw later may or may not occur (be 
valid), depending on the internal flag status. 


INDETERMINANT 


FIRST VALID 
WRIT! 


NOT FULL 


VALID DATA 
IN 


AC ELECTRICAL CHARACTERISTICS (0°C < Ta < + 70°C) (Voc = + 5.0volts + 10%) 


Parameter 


[toy |DataHoldTime | | 


tare [RHigh toFF High | | 30 | 


[| | [| 
Fin. [Max [ Min. [ Max. [Min [ Max. | in. [Manz | Min. [ Maxc 
Tine [WiteOyeeTime it as | fas] foo] 
Tvew| Write Pulse wet | 25 | [es] [so] | es| | 120| [ns] 1 
Tym [Write RecoveryTime [10] [1] [is | [1s | 2o[ [ns] 
Tos [DataSet Uptime | 15] || || [so] |] 
cof [ol {fof o| 
Tuer WhowtoFFLow | [eo] || | 46 

‘raw [FFHightovalawite | | 10 | | 10 | | 10 

[es 


80 | ft4of [ns | 


2 


as 
oO 
a 
Oo 
=? 
oO 
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READ MODE 


The MK45HOX initiates a Read Cycle (see Figure 
3B) on the falling edge of Read Enable control 
input (R), provided that the Empty Flag (EF) is not 
asserted. In the read mode of operation, the 
MK45HOX provides a very fast access to data from 
9 of the locations in the static storage array. The 
data is accessed on a FIFO basis independent of 
any ongoing WRITE operations. After R goes 
high, data outputs will return to a high impedance 
condition until the next read operation. 


In the event that all the data has been read from the 


Figure 3B : Write And Full Flag Timing. 
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FIFO, the EF will go low, and further READ operations 
will be inhibited (the data outputs will remain in high 
impedance). EF will go high twer after completion of 
a valid WRITE Operation. EF will again go low trer 
from the beginning of a subsequent read operation, 
provided that a second WRITE has not been com- 
pleted (see Figure 4B). Reads beginning terr after EF 
goes high are valid. Reads begun after EF goes low 
and more then trp; before EF goes high are invalid (ig- 
nored). Reads beginning less than tre; before EF 
goes high and less than terr later may or may not 
occur (be valid) depending on intemal flag status. 


FIRST VALID 
WRITE WRITE 


NOT FULL 


VALID DATA 
IN 


AC ELECTRICAL CHARACTERISTICS (0°C < Ty, < + 70°C) (Voc = + 5.0volts + 10%) 


Parameter 


[Read Cycle Time | 85 
[ty [AccessTime | 


| tre | 


R Low to Low Z 
D 


R High to High Z 


a” 


EF High to Valid Read 


Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min, | Max. 
a 


tea |ReadRecoveyTime | to | | wo | | 5 | | 5 | fo | | ns | 
[tepw|ReadPulsewidth | 25 | | 35 | | so | | es | 20] | ns | 4 


Min. | 
35 
10 
oe 
toy [DataValidfromRHign | 5 | | 5 | | 5 | | 5s {| | 5 | |ns| 2 
Ea 
trer [RLowtoEFLow | | 60 | 
Le 


iver [Weigh to FFHigh | [50] [es] || | eo] | 60 [rs] 2 
i: [Read Protectindeterninant | 70 | [to] [wo] [wl [rl] [rele 


es | | ao | {iol fins] 
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Figure 4A : Read/write To Full Flag. 
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RESET Although neither W or R need to be high when RS 


The MK45HOxX is reset (see Figure 5) wheneverthe 90s low, both R and W must be high trss before 
- Reset pin (RS) is in the low state. During areset, | S goes high, and must remain high trsr after- 
both the internal read and write pointers are setto | Wards. Refer to the following discussion for the re- 
the first location. Reset is required after power up, —«“Wired state of FL/RT and XI during Reset. 

before a WRITE operation can begin. 


Figure 5 : Reset. 


OOS 
IRLLRRLKS a 


SS 


xx 


xX 


Note : HF, EF and FF may change status during Reset, but flags will be valid at tasc. 


AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Vcc = + 5.0volts + 10%) 


Parameter ra eum | es 
Faso |Resctoycetime fs} [as] |e] [eo] [wo] [ml 
tas [Reset Pulsewath | 25 | [a5 || so | Les |) 120 || ns Pa 
eee CT 
Fase [eset SetupTine | 25 | | a0 | | a0 || 8 |] 100} brs | 


ka _SGS-THOMSON er a ee ei 
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RETRANSMIT 


The MK45HOX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See Figure 6). A Retransmit opera- 
tion sets the internal read pointer to the first location 
in the array, but will not affect the position of the write 


Figure 6 : Retransmit. 


2 
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sos 
oS 
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OFS 3955550950 
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pointer. R must be inactive tats before RT goes 
high, and must remain high for tatr afterwards. 


The Retransmit function is particualrly useful when 
blocks of less than the total FIFO depth are per- 
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 


CKX? CO S 


Note : HF, EF and FF may change status during Retransmit, but flags will be valid at taro. 


AC ELECTRICAL CHARACTERISTICS (0°C < Ty, < + 70°C) (Voc = + 5.0volts + 10%) 


| +25 | 35 | 50 | 5 | 120 
fom | __ Parameter | [| 


Tire |RorensmitcyceTime | a5 | [45] [5] | 0 | [10] [ns| 
ar [RetranemitPuise wan | 25 || a5 { | so] [6s [120] [ns | 1 
‘era | Retansmit Recovery Time | 10 | [10 | | 1s} [1s] ao] [ns] | 
Tens [Retransmit Setup Time | 25 || 80 [eo [4s] [00] [ns | 
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SINGLE DEVICE CONFIGURATION 


A single MK45HOX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HOxX is placed in the Single Device 
Configuration mode when the chip is Reset with the 
Expansion In pin (Xl) grounded (see Figure 7). 
WIDTH EXPANSION 


Word width may be increased simpy by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 8 demonstrates an 18- 
bit word width by using two MK45HOXs. Any word 
width can be attained by adding additional 


Figure 7 : A Single MK45HOX FIFO Configuration. 


MK45H04/8(N)-25/35/50/65/12 


MK45HOXs. The half full flag (HF) operates the 
same as in single device configuration. 


HALF FULL FLAG LOGIC 


When in single device configuration, the (HF) output 
acts as an indication of a half full memory. After half 
of the memory is filled, and at the falling edge of the 
next write operation, the half full flag (HF) will be set 
low and remain low until the difference between the 
write pointer and the read pointer is less than or 
equal to one half the total memory. The half full flag 
(HF) is then reset by the rising edge of the read 
operation. See Figure9. 


(HF) HALF FULL FLAG 


DATA IN 


FULL FLAG 


MK4SHOX 


EXPANSION IN (XI) t 


(R) READ 


MK45HOX 


(EF) EMPTY FLAG DMIACUT: 


(RT) RETRANSMIT 


(HF) HALF FULL FLAG 


Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expan- 
sion configuration. Do not connect flag output signals together. 
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DEPTH EXPANSION (DAISY CHAIN) 


The MK45HOX can be easily adapted to applications 
when the requirements are greater than the in- 
dividual device word depth. Figure 10 demonstrates 
Depth Expansion using two MK45HOXs. Any depth 
can be attained by adding additional MK45HOXs. 


Figure 9 : Half Full Flag Timing. 


HALF-FULL HALF-FULL + 1 


Write Low to Half Full Flag 
Lo 


taur | Read High to Half Full Flag 
High 


External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i.e., all must 
be set to generate the composite FF or EF). 


The MK45HOX operates in the Depth Expansion con- 
figuration after the chip is Reset under the below listed 
conditions: 


HALF-FULL 
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1. The first device must be designated by grounding 
the First Load pin (FL). The Retransmit function 
is not allowed in the Depth Expansion Mode. 


2. All other devices must have FL in the high state. 


3. The Expansion Out (XO) pin of each device must 
be tied to the Expansion In (Xl) pin of the next 
device. The Half Full Flag (HF) is disabled in this 
mode. 


MK45H04/8(N)-25/35/50/65/12 


EXPANSION TIMING 


Figure 11 and 12 illustrate the timing of the Expansion 
Out and Expansion In signals. Discussion of Expan- 
sion Out/Expansion In timing is provided to clarify how 
Depth Expansion works. In asmuch as Expansion 
Out pins are generally connected only to Expansion 
In pins, the user need not be concerned with the actual 
timing in the normal Depth Expanded application un- 
less extreme propagation delays exist between the 
XO/XI pin pairs. 


Figure 10 : A two Device Depth Expansion Configuration. 
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Expansion Out pulses are the image of the WRITE 
and READ signals that cause them; delayed in time 
by txo. and txou. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 


Figure 11 : Expansion Out timing. 
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Expansion Out Low 
Expansion Out High 


12/15 


Empty Flags are activated, which is in response to 
writing and reading a last available location. 


When in Depth Expansion mode, a given MK45HOX 
will begin writing and reading as soon as valid 
MWRITE and READ signals begin, provided FL was 
grounded at RESET time. * 
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A MK45HO0X in Depth Expansion mode with FL high sion In pulses must occur txis before the WRITE and 
at RESET will not begin writing until after an expan- READ signals they are intended to enable. Mini- 
sion in pulse occurs. mum Expansion In pulse width, txi, and recovery 


It will not begin reading until asecond Expansion In __ time, txir, must be observed. 


pulse and the Empth Flag has gone high. Expan- 
Figure 12 : Expansion In Timing. 


WRITE TO 
FIRST PHYSICAL 
LOCATION 


READ FROM 
FIRST PHYSICAL 


LOCATION 


AC ELECTRICAL CHARACTERISTICS (0°C < T, < + 70°C) (Vog = + 5.0volts + 10%) 


parameter Fee 8S | 50 || 120 

| [Min. | Max. | Min, | Max. | Min. | Max. | Min. | Max. | Min. | Max. | 

|_| Expansion in Pulse Width | 25 | | 35 | | 45 | | eo | [5] [ins | ot 
[tum | Expansion inRecoveryTime| to | [| 10 | | to | | wo | | to | ins | 
[tus [Expansion inSetupTime | 15 | | 15 | | 1s] | 5 | 5 | is | 
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COMPOUND EXPANSION 

The two expansion techniques described above can 
be applied together in a straight forward manner to 
achieve large FIFO arrays (see Figure 13). 
BIDIRECTIONAL APPLICATIONS 
Applications which require data buffering between 
two systems (each system capable of READ and 


Figure 13 : Compound Fifo Expansion. 


MK45HOX = MK45HOX 


DEPTH EXPANSION 
BLOCK 


DEPTH EXPANSION 
BLOCK 


WRITE operations), can be achieved by pairng 
MK45HOXs as shown in Figure 14. Care must be 
taken to assure that the appropriate flag is 
monitored by each system. (i.e., FF is monitored on 
the device where W is used; EF is monitored on the 
device where R is used.) Both Depth Expansion 
and Width Expansion may be used in this mode. 


Q(N-8)-QN 


MK45HOX 


DEPTH EXPANSION 
BLOCK 


D(N-8)-DN 


D(N-8)-DN 


Notes : 1. For depth expansion block see DEPTH EXPANSION Section and Figure 10. 
2. For Flag operation see WIDTH EXPANSION Section and Figure 8. 


Figure 14 : Bidirectional Fifo Application. 
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ORDER CODES 


[Pano [Access Tine | oycle Time | Package Type | Temperature 
TT wasHoanas | _2sns (| ~—iains——~«d|CSOOMIL PastioDIP | orto70o 
[wikastoanso | sons | 65ns_-| 600 MIL PastiooIP | orto 700 
TmKasHoanes | esns_| sons | 600MiL PastioolP | on 70°0 | 
[~KasHoaniz [| tzons|14ons | 600 MIL Past P | _o-t070°0 | 
TmKasnianas | 25ns—(| ans | 600MIL PlasticDIP | _or1070° 
[wkastianas | sns——~| sn ——~+| 00 MIL PastioDIP | orto 700 

[sons [ens | 600 MIL PasticDIP | o-1070°0 
[—mKastosnso | sons | 66ns_ | 600 MIL PastiooIP | orto 700 
[wikasHoenes | esns | eons ——*| 00 MIL PastioDIP | orto70°%0 


[PartNo ——SSS*dCOC*CS*~*~*CS easing ~—SSSC*dSCSCS*C* yee 
mikastoaos-soSSC*YSSSCSCS~CS ns SSSSC*dSCSCS*« Se 


MK45H04/08-65 prs Ons, 12.5MHz 
MK45H04/08-12 120ns 140ns, 7.14MHz 


PACKAGE MECHANICAL DATA 
Figure 15 : MK45H04 28 Pin Plastic DIP (N) 600 MIL. 


po | | fszael | ft 70 
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SGS-THOMSON MK48127/128(N,X) 
ky MICROELECTRONICS -55/70/85 


1 MEG ( 1,048,576-BIT) 
128 K X 8 CMOS SRAM 
ADVANCE DATA 
= BYTEWYDE™ 128K X8 CMOS SRAM 
m EQUAL CYCLE/ACCESS TIMES, 55,70,85NS PIN CONNECTION 
MAX. 
m LOW Vcc DATA RETENTION 2 VOLTS 600 mil Plastic DIP 


m THREE STATE OUTPUT 
m JEDEC STANDARD 32-PIN PACKAGE IN 600 
MIL PLASTIC DIP, 400 MIL PLASTIC SOJ 


MK48127 
MK48128 


on nn & WOW YP = 


~ 
oO 0 


DESCRIPTION 


The MK48127 is a Mega-bit (1,048,576-bit) 
CMOS SRAM, organized as 131,072 words x 8 
bits. It is fabricated using SGS-Thomson’s low 
power, high performance, CMOS technology. 
The device features fully static operation requi- MK48127 
ring no external clocks or timing strobes, with MK48128 
equal address access and cycle times. It re> 
quires a single +5V + 10% supply, and all in- 
puts and’ outputs are TTL compatible. 


PIN NAMES 


OE) Output Enable 
Write/read Enable 
+5V, GND 

NOTES : NOTES : 

(*) For MK48128 ONLY (*) For MK48128 ONLY 


October 1989 1/2 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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READ MODE 


The MK48127 is in the Read mode whenever 
Write Enable (W) is high with Output Enable 
(G) low, and Chip Enable (E) is active low. 
This provides access to data from eight- of 
1,048,576 locations in the static memory array, 
specified by the 17 address inputs. Valid data 
will be available at the eight Output pins within 
tavav after the last stable address, providing G 
is low, and E is low. If Chip Enable or Output 
Enable access times are not met, data access 
will be measured from the limiting parameter 
(tELQv, Or taLaw rather than the address. Data 
out may be indeterminate at teLax, and teLax, 
but data lines will always be valid at tavav. 


WRITE MODE 


The MK48127 is in the Write mode whenever 
the W and E pins are low. Either Chip Enable 
or W must be inactive during Address trans- 
itions. The Write begins with the concurrence 
of Chip Enable being low with W low. There- 
fore, address setup times are referenced to 
Write Enable and Chip Enable as taw, and 


MK48127/128 BLOCK DIAGRAM 
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DECODE 


“Mee & & 8 


taveL respectively, and is determined to the lat- 
ter occuring edge. The Write cycle can be ter- 
minated by the earlier rising edge of W or 
Chip Enable (E ). 


If the Output is enabled (E= low, G = low), 
then W will return the outputs to high impe- 
dance within twrqz of its falling edge. Care 
must be taken to avoid bus contention in this 
type of operation. Data-in must be valid for 
tpvwu to the rising edge of Write Enable, or to 
the rising edge of E, whichever occurs first, and 
remain valid twHpx . 


OPERATIONAL MODES 


The MK48127 has a Chip Enable power down 
feature which sustains an automatic standby 
mode whenever Chip Enable (E ) goes inactive 
high. An Output Enable (G) pin provides a 
high speed tristate control, allowing fast 
read/write cycles to be achieved with the com- 
mon-l/O data bus. Operational modes are de- 
termined by device control inputs W, G, and E, 
as summarized in the truth table. 


MEMORY 
ARRAY 


(512 x 256 x 8) 


1 Mega-Bit 


LBD8127 


ky SGS-THOMSON 


MICROELECTRONICS 


324 


: MK4832(N)/ 
Ay] vara Leona MK4832L(NY 707 2b 


256 K (262, 144-bit) 
32 K X 8 CMOS SRAM 


m BYTEWYDE™ 32K X 8 CMOS SRAM 


m EQUAL CYCLE/ACCESS TIMES, 70, ioe 
MAX. 


m@ LOW Vcc DATA RETENTION 2 VOLTS 
@ THREE STATE OUTPUT 


@ JEDEC STANDARD 28-PIN PACKAGE IN 600 
MIL PLASTIC DIP 


(Plastic Package) 


DESCRIPTION 


The MK4832 is a 256K (262,144-bit) CMOS 
SRAM, organized as 32,768 words x 8 bits. It is 
fabricated using SGS-Thomson’s low power, high PIN CONNECTIONS 
performance, CMOS technology. The device fea- 
tures fully static operation requiring no external 600 mil. Plastic DIP 
clocks or timing strobes, with equal address access 
and cycle times. It requires a single +5V + 10% 
supply, and all neue and outputs are TTL compa- 
tible. 


OPERATIONAL MODES 


The MK4832 has a Chip Enable power down fea- 
ture wich sustains an automatic standby mode 
whenever Chip Enable (E) goes inactive high. An 
Output Enable (G) pin provide as high speed tri-' 
state control, allowing fast read/write cycles to be 
achieved with the common-|/O data bus. Operatio- 
nal modes are determined by device control inputs 
W, G and E, as summurarized in the thruth table. 


PIN NAMES 


Address Inputs 
Data In/Data Out 
Chip Enable 


Write/Read Enable Standby 


GROUND 
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FIGURE 1 : MK4832 BLOCK DIAGRAM 


READ MODE 


The MK4832 is in the Read mode whenever Write 
Enable (W) is_high with Output Enable (G) low, and 
Chip Enable (E) is active low. This provides access 
to data from eight of 262,144 locations in the static 
memory array, specified by the 15 address inputs. 
Valid data will be available at the eight Output pins 


MEMORY 
ARRAY 


DECODE 


(1024 x32 x8) 


256K - bit 


/O CIRCUITS 


DECODE 


a 


LBD4832 


within tavav after the last stable address, providing 
Gis low, and E is low. If Chip Enable or Output 
Enable access times are not met, data access will 
be measured from the limiting parameter (teLav, or 
taLav) rather than the address. Data out may be 
indeterminate at teLax, and teLox, but data lines will 
always be valid at tavav. 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE) (0°C < TA< +70°C, Vcc = 5. V+ 10%) 


SYMBOL |PARAMETER 


Chip Enable to Q Low-Z 


Output Enable Access Time 
Chip Enable (E) to Q High-Z 
Output Disable (G)to Q High-Z 
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4832-70/70L 4832-120/120L 


man | Max 

| Poe ae 

0 | 

ed 

| 7m | 

| twrov [Address Access Time || 70 | 
ae ee 

|| 

[ee 4 ee 

9 | | 


UNIT NOTE 
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eo | 
|| 0 
| 20 
0 | 
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FIGURE 2 : READ TIMING N°.1 ( ADDRESS ACCESS) 
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FIGURE 3 : READ TIMING N°.2 
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WRITE MODE 


The MK4832 is in the Write mode whenever the W 
andE pins are low. Either Chip Enable or W must 
be inactive during Address transitions. The Write 
begins with the concurrence of Chip Enable being 
low with W low. Therefore, address setup times are 
referenced to Write Enable and Chip Enable as 
tavwL, and tave. respectively, and is determined to 
the latter occuring edge. The Write cycle can be 


terminated by the earlier rising edge of W or Chip 
Enable (E ). 


If the Output is enabled (E = low, G = low), then W 
will return the outputs to high impedance within 
twLaz Of its falling edge. Care must be taken to avoid 
bus contention in this type of operation. Data-in 
must be valid for tovwy to the rising edge of Write 
Enable, or to the rising edge of E, whichever occurs 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 


Write Cycle Time 
- 


nm 
W Low to Q High-Z 
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first, and remain valid twHpx .- 
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FIGURE 4: WRITE CONTROL CYCLE TIMING 


WRTIMEO1 


FIGURE 5 : CHIP ENABLE CONTROL WRITE CYCLE TIMING 


twLaz —| 


WRTIME02 
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STANDBY MODE CHARACTERISTICS 
(0°C <Ta <+70°C, VCC = 5.0V + 10%) 


MK4832/4832L- 70 MK4832/4832L-120 
SYMBOL PARAMETERS 


Chip Enable to Power-Up i oe 
a 


Chip Enable to Power-Down 


FIGURE 6 : STANDBY MODE TIMING 


MK4PWRUP 


LOW VCC DATA RETENTION CHARACTERISTICS 
(O°C <Ta <$+70°C, VCC =5.0+10%) 


PARAMETERS 
Data Retention Pwr.supply Current 
Test Condition: Vcc = 3.0 


Operation Recovery Time 


DATA RETENTION MODE 


K48LOVCC 
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ABSOLUTE MAXIMUM RATINGS — 


SYMBOL PARAMETER VALUE 
Low Voltage On Any Pin Relative to Ground -0.5 to +7.0 ae 
= ae Ambient Operating Temperature 0 to 70 Lee 


Vi V 
Ta C 
c 
| Po |PowerDissipaton | te 
| to [Outputcurent® sm 


* This is astress rating only and functional operation of the device at these or any other conditions above thoseindicated in the operation sections 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may effact reliability. 
(1) Output current absolute maximum rating is specified for one output at atime, not to exceed a duration of 1 second. 


RECOMMENDED DC OPERATING CONDITIONS 
(OC < Ta < +70°C) 
SYMBOL |PARAMETER 


TYP NOTES 


Logic "1" Voltage All Inputs 
Logic "0" Voltage All Inputs 


on 
oO 


oO] 
w | 


DC ELECTRICAL CHARACTERISTICS 
(0°C < Ta <+70°C) 


SYMBOL |PARAMETER 
Average Vcc Power Supply Current 
TTL Standby Current ( E= Vin ) 


NOTES 


MK4832L 
lu Input Leakage Current (Any Input) = 
ILo Ouput Leakage Current -2 
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1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volts allowed for up to 10 nS _ once per Cycle. 
3. Icc1 measured with outputs open. 

4. 1mA typical. 


5. Measured with Vcc = V; = GND and outputs deselected. 
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AC TEST CONDITIONS 

INDUIS: LOVGIS: anon oe oie aa eee ee hoe Oe ww eed 0.0v to 3.0v 
THANSHION MING nessa sOw ae hen eae te wee neaar hue ae 5ns 

Input And Output TimingReference Levels............ 1.5v 


FIGURE 8 : OUPUT LOAD DIAGRAM 


470 ohms 470 ohms 


DEVICE DEVICE 
UNDER UNDER 
TEST TEST 


100pF * 240 ohms 


* INCLUDES SCOPE AND TEST JIG 
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CAPACITANCE 
(Ta = 25°C, f = 1.0MHz) 


SYMBOL PARAMETERS 


capacitance on all pins (except dQ) 
capacitance on DQ pins 


ORDERING I NFORMATION 


SGS-THOMSON PREFIX 
DEVICE INDENTIFICATION NUMBER 
LOW POWER 


PLASTIC PACKAGE 
70/120 SPEED GRADE 
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FIGURE 9 : PACKAGE MECHANICAL DATA 


127 [1.776] 050 [.070 | 
[ faz09|o.o4) 08 | o1@ | 3 | 
To |s6.s407.s40.as0]s.47o[ 1 
[or [.651 [2.169] 065 [085 
5600. 


ro 


at 
oe 


| 


NOTES : 


1. Overall length includes 0.10 in flash on either end of the package. 
2. Package standoff to be measured per Jedec requirments. 
3. The maximum limit shall be increased by .OOO3 In. when solder laed is specified. 
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2K X 8 ZEROPOWER™ RAM 


= LOW CURRENT (1 pA @ 70°C) BATTERY INPUT 
FOR DATA RETENTION IN THE ABSENCE OF 
POWER 


a DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 


a +5 VOLT ONLY READ/WRITE 
a CONVENTIONAL SRAM WRITE CYCLES DIP-28 


(Plastic Package) (Plastic Chip Carrier) 
ma LOW POWER 440 mW ACTIVE; 5.5 mW 
STANDBY 


gh ads TIME EQUALS WRITE-CYCLE FIGURE 1. PIN CONNECTIONS 


a LOW-BATTERY WARNING 


a TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE 
MK48CO2A 4.75V >Vppp =4.50V 


= POWER FAIL INTERRUPT OUTPUT 


R/W 
Part Number | Access Time | Cycle Time 


< 
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PIN NAMES 


A,- Aig Address Inputs | Vo, System Power (+5 V) 


[eno rund [@ ovina enable 
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TRUTH TABLE (MK48C02A/12A) 


<Vprp (Min) X | X | X | Power-Fail 

>Vso _ | Deselect 

<Vgo X | X | X | Battery |High-Z 
Back-up 

DESCRIPTION 


The MK48C02A/12A is a CMOS RAM with internal 
power fail support circuitry for battery backup ap- 


FIGURE 2. BLOCK DIAGRAM 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


2/10 
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plications. The fully static RAM uses an HCMOS 
six transistor cell and is organized 2K x 8. Includ- 
ed in the device is a feature to conserve battery 
energy and a method of providing data security dur- 
ing Vcc transients. A precision voltage detector 


_write-protects the RAM to prevent inadvertent loss 


of data when Voz falls out of tolerance. In this way, 
all input and output pins (including E and W) be- 
come “don't care”. The device permits full functional 
ability of the RAM for Voco above 4.75V 
(MK48C02A) and 4.5V (MK48C12A). Data protection 
is provided for Voc below 4.5V (MK48C02A) and 
4.2V (MK48C12A), and maintains data in the ab- 
sence of Vcc with no additional support circuitry 
other than a primary cell. The current supplied by 
the battery during data retention is for junction leak- 
age only (typically less than 5na) because all power- 
consuming circuitry is turned off. The low battery 
drain allows use of a long life Lithium primary cell. 


kyz S&S:THOMSON 


OPERATION 
Read Mode 


The MK48C02A/12A is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,384 locations in the static storage array. Thus, 
the unique address specified by the 11 Address In- 
puts (A,) defines which one of 2,048 bytes of data 
is to be accessed. 


FIGURE 3. READ-READ-WRITE TIMING 


MK48C02A/12A(K,N)-15/20/25 


Valid data will be available to the eight data Output 
Drivers within ta, after the last address input sig- 
nal is stable, providing that the E and G access 
times are satisfied. If E or G access times are not 
met, data access will be measured from the limit- 
ing parameter (toe, OF toga), rather than the ad- 
dress. The state of the eight Data 1/O signals is 
controlled by the E and G control signals. The data 
lines may be in an indeterminate state between to, 
and ta,, but the data lines will always have valid 
data at tap. 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 


(0°C <=T,<70°C) (Voc (Max)=Voc >Voc (Min)) 


Pe ooo 
SYM | PARAMETER MIN UNITS | NOTES 
ing [Read Cycle Tine 
a | Adons Aoceas Tine 
caa| Op Enable Aocess Tine | 
Lo 
ots 
= 


Mose | Output Enable Hito High 
Ton [Vaid Data Out Hows Time =| 


NOTE 
1. Measured using the Output Load Diagram shown in Figure 7. 
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WRITE MODE 


The MK48C02A/12A is in Write Mode whenever the 
W and E inputs are held low. The start of a Write 
is referenced to the latter occurring failing edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high, 
for a minimum of twa, prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for tps prior to the End of Write and remain valid 
for tpy afterward. 


FIGURE 4. WRITE-WRITE-READ TIMING 


VALID 


P%°°% out 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high dur- 
ing power-up to protect memory after Voc reaches 
Vec (min) but before the processor stablizes. 


The MK48C02A/12A G input is a DON’T CARE in 
the write mode. G can be tied low and two-wire RAM 
control can be implemented. A low on W will disa- 
ble the outputs twez after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 


(o°C <T,3=70°C) (Voc (Max) =Vec=Vec (Min)) 


AW ie 


eg 
Tow | Data Hold Time 


Write Enable Low to High-Z 


| 90 | 
| 90 | 
Es 
— 
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DATA RETENTION MODE 


With Vcc applied, the MK48C02A/12A operates as 
a conventional BYTEWIDE static ram. However, 
Voc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically power- 
fail deselect, write protecting itself when Voc falls 
within the Vprp (max), Vpep (min) window. The 
MK48CO02A has a VpFp (max) Vprp (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and mi- 
nus 10%. The MK48C12A has a Vpep (max) Vpep 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 10% power supply specification 
to use the device. 


Note: A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM’s content. At voltages 
below Vprp (min), the user can be assured the 
memory will be in a write protected state, provided 
the Vcc fall time does not exceed te. The 
MK48CO2A/12A may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Voc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Voc 
to the RAM and disconnects the battery when Veo 
rises above Vso. AS Voc rises the battery voltage 
is checked. If the voltage is too low, an internal Bat- 
tery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after first write, and nor- 
mal RAM operation resumes. Figure 5 illustrates 
how a BOK check routine could be structured. 


Normal RAM operation can resume tpec after Voc 
exceeds Vprp (Max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (Min) as 
some systems may perform inadvertent write cycles 
after Voc rises but before normal system operation 
begins. 


INTERRUPT FUNCTION 


Thé MK48CO2A/12A provides a power-fail interrupt 
output labeled INT. The INT pin eliminates the need 
for external power sensing components in applica- 
tions where an orderly shut down of the system is 
necessary. The INT pin is open drain for “wire or”’ 


applications and provides the user with 10 ps to 40 - 


ps advanced warning of an impending power-fail 
write protect. 


ITA SGS-THOMSON 
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FIGURE 5. CHECKING THE BOK FLAG STATUS 


POWER-UP 


READ DATA 
AT ANY 
ADDRESS 


WRITE 
COMPLIMENT 
DATA BACK 
TO SAME 
ADDRESS 


READ DATA 
AT SAME 
ADDRESS 
AGAIN 


(BATTERY LOW) 


IS DATA 
COMPLIMENT 
OF FIRST 
READ? 


NOTIFY SYSTEM 
OF LOW 
BATTERY (DATA MAY 
BE CORRUPTED) 


YES 
(BATTERY OK) 


WRITE ORIGINAL 
DATA BACK TO 
SAME ADDRESS 


CONTINUE 
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AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(0°C<T,<+70°C) | 


[sym [PARAMETER ——~=S~S*d;CSIN'|_WAX | UNITS | NOTES 
"e|Voro Wax 0 Vero Win) Vex Fal Time | 900 | 
‘ea [Vso Vero (in) VogFise Time ~_ 


SYM 
: 
tre US 
us 
Verp (Max) to INT High 


= 

=o 

‘in | Veo in) © Vero (Max) Vog Rise Time | 0 
=< 

<a 


2 

3 
pe 
ae 
ae 
ae 


DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 


(0°C <T,s+70°C) 
[Vora | Powertall Deselect Votlage (wKweco2a) | 450 46 | 475 | V | 1 
[Vero _| Powertll Deselect Volage (wnaaciza) | 420 | 4a | 450 | V | 1 

ae ee a 


Battery Back-up Switchover Voltage a a 


Vso 


NOTES: 
1. All voltages referenced to GND. 
2. VpFp (Max) to Vpep (Min) fall times of less t= may result in deselection/write 


protection not occurring until 40 ys after Voc passes VprFp (Min). VpFp 
(Max) to (Min) fall times of less than 10 ps may cause corruption of RAM data. 
3. VpFp (Min) to Vgc fall times of less than tgp may cause corruption of RAM 
data. 
4. INT may go high anytime after Voc exceeds Vprfp (min) and is guaranteed 
to go high tpryy after Voc exceeds VpFp (max). 


CAUTION 
Negative Undershoots Below —0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
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FIGURE 6. POWER DOWN/POWER-UP TIMING 


Vec 


Vorp (MAX)— — 


Vorp (MIN) — — 


ALL INPUTS RECOGNIZED DON'T CARE RECOGNIZED 


ALL VALID ( VALID 
OUTPUTS (PER CONTROL INPUT) (PER CONTROL INPUT) 


NOTE: 

Inputs may or may not be recognized at this time. 

Caution should be taken to keep E or W in the high state Voc rises past 
VPFp (min). Some systems may perform inadvertant write cycles after Voc 
rises but before normal system operation begins. Even though a power on 
reset is being applied to the processor a reset condition may not occur until 
after the system clock is running. 


zm 7N0 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage On Any Pin Relative To GND........ 0.0... . ccc eee eens —0.3 V to +70 V 
Ambient Operating (Veg On) Temperature (Ta)... 0... ee eee eee 0°C to +70°C 
Ambient Storage (Voc Off) Temperature .... 6.0... eee eee —55°C to +125°C 
Total Device Power Dissipation......... 0... ccc cee eee eee teen eens 1 Watt 
Outpul Curent PeMmPifteso ss 25 se 22 eee Mares eb eel ae ce ree eee e eaeee aes 20 mA 


"Stresses greater than those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


CAUTION: Under no conditions can the “Absolute Maximum Rating” for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the “standard” continuity test on any input or output pin, i.e do not force these pins below —0.3 V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°;C <T,<70°) 


Ter | Suppiy Volage wraacaen | are [sso [v1 
[Vcc __| Supply Voltage (MK48C12A)— | 450 | 550 = 
GND 
Vin 
VB 


GND [Supply Volage SS SSSSC*dTCi va 

Logio “1” Votage AT Inu 22 Net oavy vf 1 
a 
[8 


Logic “0” Voltage All Inputs 
Ve Battery Voltage 
DC ELECTRICAL CHARACTERISTICS 
(0°C <T,s+70°C) (Voc (Max) = Veg =Vec (min) 


nt 

| : — 

cc 
ana 
= 


SY 
zi 
Vo 


Von Output Logic “1” Voltage (Ionyy = —1.0 mA) 
Output Logic “0” Voltage (Ionyy = 2.1 mA 
B 


Battery Backup Current Vp = 4.0 V 


Battery Charging Current Voc = 5.5 V 


Battery OK Fle [ia 28 fv 


CAPACITANCE (T, = 25°C) 


PARAMETER Max 
Capacitance on all pins (except D/Q) | 7pFo of 5 | 
Capacitance on D/Q pins and INT 10 pF 45 


NOTES 

1. All voltages referenced to GND. 

2. Negative spikes of —1.0 volts allowed for up to 10 ns once per cycle. 

3. loci Measured with outputs open. 

4. Measured with GND<V;<Vcc and outputs deselected. 

5. Effective capacitance calculated from the equation C = lAt with AV = 3 


Lea 
| 24 
Peed 
INT Logic “0” Voltage (Ionut =O05mA) | | 04 | 
een ol 
ee 


volts and power supply at nominal level. AV 
8/10 ky, SGS-THOMSON 
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AC TEST CONDITIONS FIGURE 7. OUTPUT LOAD DIAGRAM 
Input Levels: 0.6 V to 2.4V 
Transition Times: 5 ns 
Input and Output Timing 
Reference Levels 0.8 Vor2.2V 
Ambient Temperature 0°C to 70°C 
Voc (MK48C02A) 4.75 V to 55 V 


DEVICE 
UNDER 
TEST 


(INCLUDING SCOPE AND JIG) 


ORDERING INFORMATION 


MK48C X 2A X -XX 
DEVICE Veco RANGE PACKAGE SPEED 
FAMILY 


-15 150 NS ACCESS TIME 
-20 200 NS ACCESS TIME 
-25 250 NS ACCESS TIME 


K 32 PIN PLCC 
N 28 PIN DIP 


+10%/-—5% 
1 +10%/—10% 


kz SGS-THOMSON 9/10 
SF WCROELECTRONICS 


343 


MK48C02A/12A(K,N)-15/20/25 


FIGURE 8. MK48C02A/12A PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE) 


rer | 13.893 | 14.046 | 547 
ree | 1244s | 13.462 | 490 


i o 


FIGURE 9. MK48C02A/12A PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS 


—_>, 

~ rt 
a XQ ~] 
Ss = P=) 


[c_| 0.203| 0:304| 008 


1.44 


o 


ID | 36.576 | 37.338 
[D1_| 1.651 | 2.159 


}E | 15.24 |15.875 
jet_| 2.286| 2.794 
NOTES feA [15.24 | 17.78 
. OVERALL LENGTH INCLUDES .010 IN. 
FLASH ON EITHER END OF THE PACKAGE. 3.048 a 
. PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS. 
. THE MAXIMUM LIMIT SHALL BE 
BY .003 IN. WHE 


INCREASED BY . : N 
SOLOER LEAD FINISH IS SPECIFIED. 
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MK48H64(N,S)70/120 


MICROELECTRONICS MK48H64L(N,S)70/120 


64K (8K x 8-BIT) CMOS FAST STATIC RAM 


= 70 AND 120ns ADDRESS ACCESS TIME 

mu EQUAL ACCESS AND CYCLE TIMES 

s STATIC OPERATION - NO CLOCKS OR TI- 
MING STROBES REQUIRED 

a LOW Vcc DATA RETENTION 2 VOLTS 

a ALL INPUTS AND OUTPUTS ARE CMOS AND 
TTL COMPATIBLE 

» LOW POWER OPERATION, 10nA CMOS 
STAND-BY CURRENT UTILIZING FULL 
CMOS 6-T CELL 

» THREE STATE OUTPUT 

a STANDARD 28-PIN PACKAGE IN 600 MIL 
PLASTIC DIP OR 330 MIL SOIC PACKAGE 


DESCRIPTION 


The MK48H64 is 65,536-bit organized as 8K x 8 bits. 
It is fabricated using SGS-THOMSON’s low power, 
high performance, CMOS technology. The device 
feature fully static operation requiring no external 
clocks or timing strobes, with equal address access 
and cycle times. They require a single + 5V+10% 
supply, and are fully TTL compatible. 


The MK48H64 have a Chip Enable power down fea- 
ture which sustains an automatic standby mode 
whenever either Chip Enable goes inactive (E1 
goes high or E2 goes low). An Output Enable (G) pin 
provides a high speed tristate control, allowing fast 
read/write cycles to be achieved with the common- 
I/O data bus. Operational modes are determined by 
device control inputs W, G, E1, and E2, as sum- 
marized in the truth table. 


The MK48H64 is available in a 600 Mil Plastic DIP, 
ora 330 Mil SOIC Package.  — 


October 1989 


(Plastic Package) (Surface Mount) 


Figure 1 : Pin Connections. 


ooniennn ss. |W ND - 


Mies ee 
ves | Ground 
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Figure 2 : Block Diagram. 


MEMORY ARRAY 
(256 x 256) 
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ABSOLUTE MAXIMUM RATINGS 


Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or other conditions beyond those indicated in the operational section of this specifica- 
tion is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


TRUTH TABLE 


Hin [ax 
[eno | suppiyVotage——=C=“‘*~S*sdSC‘CdP Sd 
a 


DC ELECTRICAL CHARACTERISTICS (0°C <T, $ 70°C) (Veg = 5.0V £10 percent) 


Parameter 


Average Power Supply Current -120 
f= min Cycle -70 


TTL Standby Current 


CMOS Standby Current, MK48H64 


CMOS Standby Current, MK48H64L 


fey7 SGS-THOMSON NO 
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MK48H64-70/120 


Parameter 


Capacitance on Input Pins 
Capacitance on DQ Pins 


1. Measured with load shown in Figure 8(A). 
2. Measured with load shown in Figure 8(B). 
3. Vcc = 3.0V. 
4 
5 


CAPACITANCE (T, = 25°C, f = 1.0MHz) 


. All voltages referenced to GND. 
. Icc1 is measured as the average AC current with Vec = Vcc (max) and with the outputs open circuit. 
tavav = tavav (min) duty cycle 100%. 
6. E1 = Vin, all other Inputs = Don’t Care. 
7. Voc (max), and E2 < Vss + 0.8V, all other Inputs = Don’t Care. 
8. Input leakage current specifications are valid for all Vin such that OV < Vin < Vcc. Measured at Vcc = Vcc (max). 
9. Output leakage current specifications are valid for all Vour such that OV < Vout < Vcc, Et = Vin or E2 = Vi, and 
Vcc in valid operating range. 
10. Capacitances are sampled and not 100% tested. 


AC TEST CONDITIONS 


WADUT GV CIS accesstsdcccacan deuce uci Juns Aetsaeiedanaesiucetssasgsvaudens av eceueasasaeneedotentevepei cee anene? aaa GND to 3.0V 
Transition Times......c.escscesesseseeeeeeeees Bocas tesa renal ae est ban malonate 5ns 

Input and Output Signal Timing Reference Level ..............ccsccsceeessssseceeseeessseeessenneesnees 1.5V 
PITS TAT UST aT FS ase ses wai aa cts iG saa cst ceca swear da ctnenanatnutenee Raveaeeeceeanaatweenentees 0°C to 70°C 
Wea sectst eae sle es uonie catroscicat oreacsas tna eooeueatae sancuctczetivcadatedtenstaysteseree Quiche em oueareeesuecstaceceees 5.0V + 10% 


Figure 3 : Output Load Circuits. 
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OPERATIONS 


READ MODE 


The MK48H64 is in the Read mode whenever Write 
Enable (W) is high with Output Enable (G) low, and 
both Chip Enables (E1 and E2) are active. This 
provides access to data from eight of 65,536 loca- 
tions in the static memory array. The unique address 
specified by the 13 Address Inputs defines which 
one of the 8192 8-bit bytes is to be accessed. 


Figure 4 : Read Timing N°1 (Address Access). 


ADDRESS 


PREVIOUS DATA 


Note : Chip Enable and Output Enable are presumed valid. 
Figure 5 : Read Timing N’ 2 (W = Vin). 


ADDRESS 


AA 


teanav 


a 
ANNAN 


MK48H64-70/120 


Valid data will be available at the eight Output pins 
within tavoy after the last stable address, providing 
G is low, E71 is low, and E2 is high. If Chip Enable or 
Output Enable access times are not met, data ac- 
cess will be measured from the limiting parameter 
(te1Lav, teeHav, or taLav) rather than the address. 
The state of the DQ pins is controlled by the E1, E2, 
G, and W control signals. Data out may be indeter- 
minate at te1Lax, te2Hax, and teLax, but data lines will 
always be valid at tavav. 


DATA VALID 


te mor ¥ | 
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READ CYCLE TIMING 


| amr 
Parameter 


toEA teiLav Chip Enable 1 & 2 
1& teoHav | Access Time 
toca | tetqy | Output Enable Access Time 


tcEL teyLax Chip Enable 1 & 2 to 
1&2 teoHov Output Low-Z 


toEL Output Enable to Low-Z 


ternaz | Chip Enable 1 & 2 to 
& 2 | tearaz 


High-Z 
Output Enable to High-Z 
Output Hold From Address Change 


WRITE MODE 


The MK48H64 and MK48H65 are in the Write mode 
whenever the W and E1 pins are low, with E2 high. 
Either Chip Enable pin or W must be inactive during 
Address transitions. The Write begins with the con- 
currence of both Chip Enables being active with W 
low. Therefore address setup times are referenced 
to Write Enable and both Chip Enables as tavw, 
taveiL, and tavesH respectively, and is determined to 
the latter occurring edge. The Write cycle can be ter- 
minated by the earlier rising edge of E1 or W, or the 
falling edge of E2. 


~~ 


as 


48H64-70 48H64-120 
48H64L-70 48H64L-120 
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boy 
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If the Output is enabled (E1 = low, E2 = high, G = 
low), then W will return the outputs to high im- 
pedance within twLaz of its falling edge. Care must 
be taken to avoid bus contention in this type of 
operation. Data-in must be valid for tovwu to the 
rising edge of Write Enable, or to the rising edge of 
E1 or the falling edge of E2, whichever occurs first, 
and_remain valid twHpx after the rising edge of E1 
or W, or the falling edge of E2. 
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Figure 6 : Write Timing N° 1 (W control). 
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Figure 7 : Write Timing N° 2 (E3). 
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WRITE CYCLE TIMING 


Symbol 
Parameter 


Tne [tony | Wite CyeieTime 
a 
Enable Low 
il nd 
taVEOH 


LT. 

WC 

tas i 
tas 

Address Valid to End of Write 
taH 
EW I 

WR 
DW 

W 


48H64-70 68H64-120 
48H64L-70 68H64L-120 


©O 


& — N joi N N 
je) oO; O7;O;o!;]on oO 


ain. 
eos 
Pivew [hyn Wite Pulse With SSS 
ta [tun | Adaress Hold Time ater End ofwite [| 10 
ea 
[~o 
oo 


t 
t 
tc Chip Enable to End of Write 
teoHEaL 
t te;Hax | Write Recovery Time to Chip Disable 
teoLax 
t 


| tow | town | Data Valid to Endof Write | 
Data Hold Time 

tox 
Write Enable to Output High-Z 
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Figure 8 : Low Vcc Data Retention Timing. 


DATA RETENTION MODE 


Von °20V 


E1 CONTROL 


| | 

| 

| I 

| | 

Wi E2-0.2V T/T // 
E2 CONTROL osv osv 


LOW Vcc DATA RETENTION CHARACTERISTICS 


| Min, | 
| VOR | VccDataRetention | 
feel 
mais 
DR 


2.0 
| teon__| Chip Deselection to DataRetentionTime | 
Operation Recovery Time 


Note : tavav = Read Cycle Time. 


ORDER CODES 


MK48H64LN-120 28 pin 600 mil Plastic DIP 0°C to 70°C 
MK48H64LS-70 28 pin 330 mil SOIC 0°C to 70°C 


28 pin 330 mil SOIC 0°C to 70°C 
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MECHANICAL DATA . 
Figure 7 : MK48H64 28-Pin Plastic DIP (N), 600-Mil. 
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Figure 8 : MK48H64 28-Lead Plastic Micropackage (S), 300-Mil. 
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73,/28-BIT 
8K X 9 CMOS FAST SRAM 


ADVANCE DATA 


m BYTEWYDE 8K X 9 CMOS FSRAM PIN CONNECTION 

m FAST ACCESS TIMES, 20,25,35NS MAX. 

m EQUAL ACCESS AND CYCLE TIMES 

m LOW Vcc DATA RETENTION 2 VOLTS 

m THREE STATE OUTPUT 

m STANDARD 28-PIN PACKAGE IN 300 MIL PLA- 
STIC DIP 


DESCRIPTION 


The MK48H89 is a 73,728-bit static RAM, organi- 
zed as 8K X 9 bits. It is fabricated using SGS- 
Thomson’s low power, high performance, 
CMOS technology. The device features fully 
Static operation requiring no external clocks or 
timing strobes, with equal address access and 
cycle times. It requires a single + 5V+ 10% MK48H89 
supply, and all inputs and outputs are TTL com- 
patible. 


The MK48H89 has a Chip Enable power down 
feature which-sustains an automatic standby 
mode whenever either Chip Enable goes inac- 
tive (Ei goes high or E2 goes low). An Output 
Enable (G) pin provides a high speed tristate 
control, allowing fast read/write cycles to be 
achieved with the common-l/O data bus. Ope- 
rational modes are determined by device 
control inputs W, G, Ei and E2, as summarized 
in the truth table. 


PIN NAMES 


MK48H89 TRUTH TABLE 


Ao-At2 
DQo-DOs 
E 
2 
Vec,Vss 


Hi-Z 


Z 
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READ MODE 


The MK48H839 is in the Read mode whenever 
Write Enable (W) is high with Output Enable 

(G) low, and both Chip Enables (E1 and E2) 

are active. This provides access to data from 
nine of 73,728 locations in the static memory ar- 
ray, specified by the 13 address inputs . Valid 
data will be available at the nine Output pins wi- 
thin tavav after the last stable address, provi- 
ding G is low, E: is low, and Ez is high. If Chip 
Enable or Output Enable access times are not 
met, data.access will be measured from the li- 
miting parameter (te1Lav, te2Hav, or taLaw ra- 
ther than the address. Data out may be inde- 
terminate at te1Lax, te2eHax, and taLax, but data 
lines will always be valid at tavav. 


WRITE MODE 


The MK48H839 is in the Write mode whenever 
the W and E; pins are low, with Ee high. Either 
Chip Enable pin or W must be inactive during 
Address transitions. The Write begins with the 


MK48H89 BLOCK DIAGRAM 


2/2 


concurrence of both Chip Enables being active 
with W low. Therefore, address setup times are 
referenced to Write Enable and both Chip En- 
ables as tavw., taveiL and tave2H respectively, 
and is determined to the latter occuring edge. 
The Write cycle can be terminated by the ear- 
lier rising edge of E1, W, or the falling edge of 
Eo. 


If the Output is enabled (Ei = low, Ee = high, 
G = low), then W will return the outputs to 
high impedance within twraqz of its falling edge. 
Care must be taken to avoid bus contention in 
this type of operation. Data-in must be valid 
for tovwu to the rising edge of Write Enable, or 
to the rising edge of E; or the falling edge of 
Eo, whichever occurs first, and remain valid 
tWHDx . 


MEMORY 
ARRAY 


(256 x 32 x 9) 
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BYTEWYDE 8Kx 9 CMOS STATIC RAM 
CONFIGURABLE: x9/ or x8 plus PARITY 
20,30,40ns DATA ACCESS TIMES 
25,35,45ns PARITY ERROR ACCESS TIMES 
FAST CYCLE TIMES = 25,35,45ns 

28-PIN 300 MIL PLASTIC DIP 


DESCRIPTION 


The MK48H98/99 is a 73,728-bit CMOS Parity 
SRAM, organized 8K x 9 using SGS-THOMSON 
Microelectronics’ advanced HCMOS process te- 
chnology. The MK48H98/99 has a Chip Enable 
power down feature which sustains an automat- 
ic standby mode whenever Chip Enable ( E) 
goes inactive high. An Output Enable ( G ) pin 
provides a fast high impedance control, allo- 
wing fast read/write cycles to be achieved with 
the common-l/O data bus. 


This device offers a high performance CMOS 
static RAM with a parity generator/checker op- 
tion on chip. The PE input allows the device to 
be configured with or without the parity func- 
tion. When parity is enabled, true parity is ge- 
nerated and stored internally during write ope- 
rations. Parity data is accessed and checked 
during read operations. The MK48H98 em- 
ploys an internal even parity scheme, while the 
MK48H99 employs an odd parity scheme. The 
PERR pin is an open-collector output for parity 
error detection, and easy wired-OR system im- 
plementation. If parity is disabled, then DQg 

is simply another data I/O buffer with a totem- 
pole configuration. The Parity SRAM requires 
a single +5 volt supply + 10%, and all inputs 
and outputs are TTL compatible. 
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MK48H98/99(N) 
-20/30/40 


73,728-BIT 


8 K X 8/9 CMOS PARITY SRAM 


ADVANCE DATA 
PIN CONNECTION 


Plastic DIP 


28 

27 

26 PE 
25 Ao 
24 Ay 
23 Ao 
22 G 
21 A3 
20 E 
19 DQg/PERR 
18 DQ7 
17 DQ6 
16 DQs 
15 DQ4 


MK48H98 
MK48H99 


1 
2 
3 
4 
5 
6 
7 
8 
9 


ae oe er Carer Y 
hk WO MY =— O 


“PIN NAMES 


PE 
VooVss ss [45V, GND 
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MODES OF OPERATION 


As previously mentioned, the PE input can 
configure the MK48H98/99 to internally gene- 
rate and check true parity. When the PE input 
is a logic zero (ViL), the parity function (parity 
generator/checker) is enabled. If PE is a logic 
one (Vin), the device is configured as a stand- 
ard 8K x 9 SRAM. The device configuration 
can be accomplished by tying the PE input ei- 
ther high or low, depending upon the desired 
mode of operation. For diagnostic purposes, a 
parity error can be forced by writing a false pari- 
ty bit pattern (PE= Vin), and reading with pari- 
ty true (PE= Vit). This defines a dynamic ap- 
proach for mix-mode operation in addition to 
the basic device modes. 


The mix-mode operation allows the parity func- 
tion to be enabled while Writing (PE =_ Vi), 
and disabled during Read operations (PE = 
Vin). This provides the user with self-generated 
parity from the Parity SRAM, with an external 
system parity bit. Conversely, parity can be di- 
sabled while Writing (PE = Vin), and true pari- 
ty checked _internally with a device parity error 
detection (PERR) during Read operations (PE 
= ViL). This mode allows the device to check 
system generated parity without designing ex- 
ternal parity logic. However, transceiver logic is 
required for DQs/PERRin this mode. The 
MK48H98/99 Truth table depicts all modes of 
operation. This includes either static or dyna- 
mic mode operations. 


MK48H98/99 TRUTH TABLE 


NOTES : 


(1) Operation and configuration as an 8K X 9 SRAM 
(PE= High) 


(2) Generate and store true parity during Write Cycles; 
PERR enabled and valid during Read Cycles (PE= Low) 
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READ MODE 


The MK48H98/99 is in the Read mode when- 
ever Write Enable (W) is high and Chip Enable 
(E) is low. This provides access to-data from 
nine of 73,728 locations in the static memory ar- 
ray. If Parity Enable (PE) is high, data is acces- 
sed as a 9-bit word; if PE is low data is acces- 
sed as an 8-bit word plus parity error (PERR. 
The unique address is specified by the 13 ad- 
dress inputs. Valid data will be available at the 
DQ Output pins within _tavav after the last sta- 
ble address, and PERRwill be valid within, _ 
tavpv of the last stable address providing G, E, 
and PE are low (see truth table for logic op- 
tions). If E, PE, or G access times are not met, 
data access and parity error access times will 
be measured from the limiting parameter 
tELav, teLpv, tPELPv, tpEHav, taLav, or taLpv ra- 
ther than the address. 


WRITE MODE 


The MK48H98/99 is in the Write mode when-_ 
ever the W and E pins are low. Either E or W 
must be inactive during Address transitions. 
The Write begins with the concurrence of E 
and W being active low. Therefore, address se- 
tup times are referenced to W, E, and/or PE as 
tavwL, tavEL and tavpecrespectively, and is de- 
termined to the latter occurring edge. The 
Write cycle can be terminated by the earlier ri- 
sing edge of Write Enable or Chip Enable. Pari- 
ty Enable (PE) allows the on-board parity func- 
tion to generate true parity if active low, but 
Cannot terminate a write cycle by going high. 


If the Output is enabled (E = low, and G = 
low), then W will return the outputs to high im- 
pedance within twraz of its falling edge. Care 
must be taken to avoid bus contention in this 
type of operation. Data-in must be valid for 
tpvwu to the rising edge of W, E or PE, whiche- 
ver occurs first, and remain valid twHpx. 


ISA SGS-THOMSON 


MICROELECTRONICS 


358 


MK48H98/99(N)-20/25/30 


MK48H98/99 BLOCK DIAGRAM N°. 1 
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[ SGS-THOMSON MK48S74(Nx)-20/22/25 
7 cRozLEcTROMIes MK48S75(N)-20/22/25 


64K (8K x 8-BIT) FAST CMOS TAGRAM 


ADVANCE DATA 


a 8K x 8 CMOS SRAM WITH ONBOARD COM- 
PARATOR 

=» ADDRESS TO COMPARE ACCESS 20/22/25ns 

a FAST CHIP SELECT TO COMPARE ACCESS 
15ns 

« MATCH OUTPUT WITH FAST TAG DATA TO 
COMPARE ACCESS OF 12/15ns (max.) 

a STATIC OPERATION - NO CLOCKS OR 
TIMING STROBES REQUIRED 

a ALL INPUTS AND OUTPUTS ARE FULLY TTL 
COMPATIBLE 

a FULL CMOS FOR LOW POWER OPERATION 

a OPEN DRAIN MATCH OUTPUT 

am THREE-STATE OUTPUT 

a 28 PIN 300/600 MIL DIP (MK48S74N/75N) 

a 28 PIN 330 MIL SOJ (MK48X74S) 

a HIGH SPEED ASYNCHRONOUS RAM CLEAR 


DESCRIPTION 


The MK48S74/75 are a 65,636-bit fast static cache 
TAGRAM organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON Microelectronics low power, 
high performance, CMOS technology. The 
MK48S74/75 features fully static operation requiring 
no external clocks or timing strobes, and equal ad- 
dress access and cycle times. The device requires 
a single + 5V + 10 percent supply, and is fully TTL 
compatible. 

The MK48S74/75 has a fast Chip Select control for 
high speed operation to Match Compare valid, and 
device select/deselect operations. Additionally, the 
MK48S74/75 provides a Reset Clear, and Match 
compare pin. The Reset Clear input provides an 
asynchronous RAM clear control which clears all in- 
ternal RAM bits to zero in only two cycles. The 
MATCH output features an open-drain for wired OR 
operation. During a match compare cycle, an on- 
board 8-bit comparator compares the Data Inputs 
(8-bit TAG) at the specified address index (Ao-Ai2) 
to the internal RAM data. If a match exists, the 
MATCH output issues a HIGH match valid signal. If 
amiss condition exists, where at least one bit of TAG 
data does not match the internal RAM, then the 
MATCH output issues a LOW miss signal. 
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ABSOLUTE MAXIMUM RATINGS* 


Parameter Value | Unit | 


tt 


* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or other conditions beyond those indicated in the operational section of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


TRUTH TABLE (MK48SH74/75) 


Symbol Parameter 
ee eee ee 


| Voc [Supply Voltage | TOT] 
| Vss_|Suppy Voltage | | | 
| Vin [Logic 1 Voltage, all inputs | 22 | | oo 3] V4 
| Vi_|bogicO Voltage, alinputs | 03 || wT 


DC ELECTRICAL CHARACTERISTICS 
(0°C <T, < + 70°C) (Voc = 5.0 + 10 percent 


Symbol 


| ecr_[Average Power Supply Currentf=minCycle | |_| 150, | Sma |S 
| loce [Average PowerSupplyCurrentf=0 |_| | tt | mA |_| 
|. |Input Leakage Current (any inputpin) = | 1 =| | et | A 7 
| lo. | Output Leakage Current (any Qoutputpin) | -5 | | +5 | HA | 8 
| Von [Output Logic 1 Voltage (lour=-4ma) | 24 | eel 
Output Logic 0 Voltage (Igy = + 8MA) inant ee 

| Vor _|Match Output LogicO Voltage (lour=18mA) | | 


<|<|< 


) ( ) 
Parameter 
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CAPACITANCE (Tx, = 25°C, f = 1.0 MHz) 


inp. [a 


| Ci [Capacitance on nputPins | || 
| Ce |Capacitancsonbapins | || tO 


Notes : 


Measured with load shown in figure 2(A). 

. Measured with load shown in figure 2(B). 

. Measured with load shown in figure 2(C). 

. All voltages referenced to GND. 

. lcci is measured as the average AC current with Vcc = Vcc (max) and with the outputs open circuit. tavav = tavav 
(min) duty cycle 100%. 

. lcc2 is measured with outputs open circuit. 

. Input leakage current specifications are valid for all Vin such that OV< Vin < Vcc. Measured at Vcc = Vcc (max). 

. Output leakage current specifications are valid for all Vout such that OV< Vout < Vcc, S = Vin, and Vec in valid 

operating range. 


op wh 


ON Oo 


AC TEST CONDITIONS 


WNDU CV GIS sre vcessiecbetectts cdactseie es anes cacac ce catelalagssduwevetbauseteaeeead iiedeasDiseeusedeutenec teaxteesas GND to 3.0V 

WP ARSIUOM: WT CSisccitarsasassss ates eendsee. Sat amiacsuetsastes read oededsiu'edeasaicadeaeiansnuteioea uu atanvaesaenerens 5ns 

Input and Output Signal Timing Reference LeVel ...............csscccsscsssscssseecsseeceseessseeseees 1.5V 

PAMMDICML TEMP CVA G isis cost rashes id ceca erwwiescsvesteoneeasuesecacesescatedecuccucas estccepCossvorsvessucsaaveces? 0°C to 70°C 

NGG enitateeetntet tesa sh Sasi oce oa setee ates c zs ens eaine cane sound icews tess anteater ascaudseemmuectonstals 5.0V + 10 percent 


Figure 2 : Output Load Circuits. 


30 pE* 240 
ohms 


= * Includes scope and test jig. 
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OPERATIONS 


READ MODE 


The MK48S74/75 are in the read mode whenever 
Write Enable (W) is HIGH with Output Enable (G) 
LOW, and Chip Select (S) is active. This provides 
access to data from eight of 65,536 locations in the 
static memory array. The unique address specified 
by the 13 Address Inputs defines which one of the 
8192 8-bit bytes is to be accessed. 


Figure 3a : Read Timing N°1 (address access). 


ADDRESS 


DQ PREVIOUS DATA 


SY 
EBKKE 
KXRLK 


Valid data will be available at the eight Output pins 
within tavav after the last stable address, providing 
G is LOW, and S is LOW. If Chip Select or Output 
Enable access times are not met, data access will 
be measured from the limiting parameter (tsLav or 
teLav) rather than the address. The state of the DQ 
pins is controlled by the S, G, and W control signals. 
Data out may be indeterminate at tsLax and teLax, 
but data lines will always be valid at tavav. 


DATA VALID 


NOTE: Chip Select and Output Enable are presumed valid, W = Vi, 


Figure 3b : Read Timing N°2 (W = Vin). 


ADDRESS 


t AVQV 


t SLQV 


MKC 


t GLAV 


WOM 
— 


tewoz —»| 


t GHQZ 


WLLL 
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AC ELECTRICAL CHARACTERISTICS (read cycle timing) 
(0°C < Ta < 70°C) (Voc = 5.0 as 10%) 


Carer] Parmeter Pec Tome] 2 | 
Two twway [ReadOyeetime [2 [a | [el] |m | 
Twa | wav | Adéess AccessTine || 20] [es] | a [m= [a 
Tiesa | toy | Chip Sect Access Time | 
Tosa | taroy | Output Enable Access Time | 
Ties. | texox | Chip Select to Output Low.z2 | 0 
Tost | texox | Output Enable toLowZ | 0 

Eons 

ai 


Output Enable to High-Z 


ton taxax | Output Hold from Address 3 
Change 
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WRITE MODE 


The MK48S74/75 is in the Write mode whenever the 
W and S pins are LOW. Chip Select or W must be 
inactive during Address transitions. The Write be- 
gins with the concurrence of Chip Select being ac- 
tive with W LOW. Therefore address setup times are 
referenced to Write Enable and Chip Select as tavwL 
and tavs., and is determined to the latter occurring 


Figure 4a : Writing Timing N°1 (W control). 


ADDRESS 


Life 


t GHQZ 


* t wiox 
COCO CCC CC Cie, 
WO 


iv 
DQ OSS 


YO 


edge. The Write cycle can be terminated by the ear- 
lier rising edge of S or W._ = 

If the Output is enabled (S = LOW, G = LOW), then 
W will return the outputs to high impedance within 
twLaz Of its falling edge. Care must be taken to avoid 
bus contention in this type of operation. Data-in must 
be valid for tovwu to the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, and 
remain valid twHpx after the rising edge of S or W. 


DATA IN VALID 


ee 
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Figure 4b : Write Timing N’2 (S control). 


ADDRESS 


DATA IN VALID 


AC ELECTRICAL CHARACTERISTICS (write cycle timing) 
(0°C $T, $ 70°C) (Veg = 5.0 + 10%) 


Parameter 
| ALT. | ti Mes Mine Me Mn 


re ea ao _—— 20 {| | 2] | | fs | 


tavw._ | Address Set-up Time to Write 
Enable Low 

tavs. | Address Set-up Time to Chip 
Select 


—o Address Valid to End of Write 
ben Write Pulse Width 


twHax | Address Hold Time after End 
of Write 


Chip Select to End of Write 


Eau 

= 

Le 

iain’ Write Recovery Time to Chip an 
Deselect 

a 

= 


pe Data Valid to End of Write 
twHpx | Data Hold Time 


_ twHox | Write High to Output Low-Z 
(active) 
Write Enable to Output High-Z a 
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COMPARE MODE 


The MK48S74/75 are in the Compare mode when- 
ever W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (Ao-A12) 
define a unique location in the static RAM array. The 
data presented on the Data Inputs (DQo-DQ7) as 
Tag Data is compared to the internal RAM data as 
specified by the index. If all bits are equal (match) 
then a hit condition occurs (MATCH = HIGH). When 
at least one bit is not equal, then MATCH will go 


LOW signifying a miss condition. 

The MATCH output will be valid tavuv from stable 
address, or ttvuv from valid Tag Data when S is 
LOW. Should the address be stable with valid Tag 
Data, and the device is deselected (S = HIGH), then 
MATCH will be valid tstmv from the falling edge of 
Chip Select (S). When executing a write-to-compare 
cycle (W = LOW, and G = LOW or HIGH), MATCH 
will be valid twHmv or taHmv from the latter rising 
edge of W or G respectively. 


AC ELECTRICAL CHARACTERISTICS (match compare cycle timing) 


(0°C <T, $ 70°C) (Veg = 5.0 + 10%) 


Symbols Parameter 
ALT. . 
taMA 


taymy | Address to MATCH Valid 
tsuuv | Chip Select to MATCH Valid 


ou 


'sHMH 
trvav 
HM 
ue 
tn 


twLMH i) Low to MATCH High 


oO” 


rm 


oy 
Oo 


MATCH Hold from Tag Data 


Figure 5 : Match Compare Timing. 
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taumy | MATCH Hold from Address 


[KKXKKX) 
Ye, 
RRLKK 


MATCH VALID 


8/12 
Mo et f SGS-THOMSO 
S/ i Sere ped ede 


368 


MK48S74/75-(N, X)-20/22/25 


RESET MODE ned by the control logic input pins S,W,andG du- 
The MK48S74/75_ allows an asynchronous reset ring reset (see truth table). The MATCH _output will 


clear whenever RS is LOW regardless of the logic = JO HIGH tast-mu from the falling edge of RS, and all 
state on the other input pins. Reset clears allinternal inputs will not be recognized until trsH-av from the 


RAM bits (65536 bits) to alogic zeroaslongastrs.- _—‘“ising edge of reset (RS). 
RSH is satisfied. The state of the outputs is determi- 


AC ELECTRICAL CHARACTERISTICS (reset clear cycle timing) 
(0°C <T, < 70°C) (Veg = 5.0 + 10%) 


Two | tse | Fes Oeercyotme [a] [ol [so] 


P= [eee emer + 
Don't Care 

| tasv | tasuav | RStoinputsVaid | 5 | 
Tse [tans | Reset (FS) Pulse Wah [es | 
Reset(RS)toMATCHHigh | =| 15 | 


Figure 6 : Reset Timing. 
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COMPARE 


ADDRESS «xxx 


CO SKK KKK) 
Ors LSNSLNI 


t RSH-AV 


Note : G = high for this example. 
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APPLICATION 


The MK48S74/75 operates from a 5.0 volt supply. 
It is compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure that 
any low going system noise, coupled onto the input, 
does not drive RS below Vin minimum specifica- 
tions. This will enhance proper device operation, 
and avoid possible partial flash clear cycles. Addi- 
tionally, because the outputs can drive rail-to-rail in- 
to high impedance loads, the MK48S74/75 can also 
interface to 5 volt CMOS on all inputs and outputs. 
The MK48S74/75 provides the system designer 
with 64K fast static memory, a MATCH output, and 
a BYTEWIDE™ on-board comparator - all in one 
chip. The MK48S74/75 compares contents of ad- 
dressed RAM locations to the current data inputs. A 
logic one (1) output on the MATCH pin indicates that 
the input data and the RAM contents match. 
Conversely, a logic zero (0) on the MATCH pin in- 
dicates at least one bit difference between the RAM 
contents and input TAG data generating a miss. The 
MATCH outputis constructed with an open drain ar- 
rangement. This provides easy wired-OR imple- 
mentation when generating a composite MATCH 
signal. 


“ 

In a cache subsystem, the MATCH signal provides 
the processor or CPU with the necessary informa- 
tion concerning wait state conditions. The purpose 
of acache subsystem is to maintain a duplicate copy 
of a portion of the main memory. When avalid match 
occurs, the system processor uses data from the 
fast cache memory, and avoids longer cycles to the 
main memory. Therefore, implementing cache sub- 
systems with the MK48S74/75, and providing good 
hit or match ratio designs will enhance overall sys- 
tem performance. 


Because high frequency current transients will be as- 
sociated with the operation of the MK48S74/75, po- 
wer lines inductance must be minimized on the circuit 
board power distribution network. Power and ground 
trace gridding or separate power planes can be em- 
ployed to reduce line inductance. Though often times 
not thought of as such, the traces on a memory board 
are basically unterminated, low impedance transmis- 
sion lines. As such they are subject to signal reflec- 
tions manifested as noise, undershoots and 
excessive ringing. Series termination in close proximi- 
ty tothe TTL drivers can improve driver/signal path im- 
pedance matching. While experimentation most often 
proves to be the only practical approach to selection 
of series resistors, values inthe range of 10to33 ohms 
often prove most suitable. 
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Speed grade 


Package Type 
N : Plastic DIP 
X : SOU 


Device family and 
identification number 


SGS-THOMSON 
prefix 


ORDER CODES 
[ PartNo. | ime 


MK48X74X25 | eBns «Ss ists —s|s 28 pin 330 mil SO 0°C to 70°C 
MK48S75N20 28 pin 600 mil DIP 0°C to 70°C 


Match Access Time Cycle Time Package Type | 


MK48S75N22 28 pin 600 mil DIP | 0°C to 70°C 
MK48S75N25 \ 28 pin 600 mil DIP | 0°G to 70°C 
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MECHANICAL DATA 
Figure 7 : MK48S75 28 Pin Plastic DIP (N) 600 MIL. 


P043-D/3 


Figure 8 : MK48S74 28 Pin Plastic DIP (N) 300 MIL. 
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FEATURES 


8K X 8 CMOS SRAM WITH ONBOARD COMPA- 
RATOR. 

s ADDRESS TO COMPARE ACCESS 15/17/20. 

s FAST CHIP SELECT COMPARE ACCESS 10ns 

a MATCH OUTPUT WITH FAST TAG DATA TO 
COMPARE ACCESS OF 10/12/14NS (MAX). 

n STATIC OPERATION-NO CLOCKS OR TIMING 
STROBES REQUIRED. 

ALL INPUTS AND OUTPUTS ARE FULLY TTL 
COMPATIBLE. 

a FULL CMOS FOR LOW POWER OPERATION. 

= TOTEM-POLE MATCH OUTPUT. 

a THREE-STATE OUTPUT. 

= 28 PIN 300 MIL DIP & 28 PIN 330 MIL SOuJ. 

= HIGH SPEED ASYNCHRONOUS RAM CLEAR. 


DESCRIPTION 

The MK48S80 IS 65,536 fast static cache TA- 
GRAM organized as 8K X 8 bits. It is fabricated 
using SGS-THOMSON’s low power, high perfor- 
mance HCMPOS4 technology. The MK48S80 
features fully dtztic opeation requiring no exter- 
nal clocks or timing strobes, and equal access 
and cycles times. The device requires a single 
+5V + 10% supply and is fully TTL compatible. 
- The MK48S80 has a fast Chip Select contro! for 
high sped operation to the match compare va- 
lid, and device select/deselect operations. Addi- 
tionally, the MK48S80 provides a Reset Clear, 
and MATCH compare pin. The RESET CLEAR, 
input provides an asynchronous RAM clear 
control which clears all internal RAM bits to zero 
in only 2 cycles. The MATCH output is in a to- 
tem-pole configuration to minimize switching 
delays associated with open-drain devices. Du- 
‘ring a MATCH compare cycle, and on-board 8- 
bit comparator compares the Data Input (8-bit 
TAG) to the internal RAM data. If a miss condi- 
tion exists, where at least one bit of TAG data 
does not match the internal RAM, then the 
MATCH output issues a LOW miss signal. 
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65,5386 BIT FAST CMOS 
8K X 8 CACHE TAGRAM™ 


ADVANCE DATA 
PIN CONNECTION 


Plastic DIP 
SOJ 
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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2K xX 8 ZEROPOWER™/TIMEKEEPER™ RAM 


= INTEGRATED ULTRA LOW POWER SRAM, 


REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY 
a BYTEWIDE™ RAM-LIKE CLOCK ACCESS 
=» BCD CODED YEAR, MONTH, DAY, DATE, 24 
. B 


HOURS, MINUTES AND SECONDS 


a SOFTWARE CONTROLLED CLOCK CALIBRA- 
TION FOR HIGH ACCURACY APPLICATIONS DIP-24 


(Plastic with Battery Top Alt) 
PREDICTED WORST CASE BATTERY 
STORAGE LIFE OF 11 YEARS @ 70°C 


we PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 2K x 8 SRAMS 


a AUTOMATIC POWER-FAIL CHIP 
DESELECT/WRITE PROTECTION 


= TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE 
MK48T02 4.75V=Vpep >= 4.50V 
MK48T12 4.50V=Vppp=4.20V 


R/W 
Part Number | Access Time | Cycle Time 


rwkasrx220 | 200m | 200ne 
rwKasrxa2s | 250m | 2508 


TRUTH TABLE (MK48T02/12) 


Vin | X | X | Deselect |High-Z 
Vi | X | Vir 

Vit Vit Vin Read 

Vic | Vin | Vin | Read i 


X | X | Power-Fail |High-Z 
Deselect 
fot lt 


FIGURE 1. PIN CONNECTIONS 
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PIN NAMES 


Ao: Ain: -Rasrese Inns 
E Chip Enable |W _ Write Enable 
|GND Ground G Output Enable 


DQ,—DQ, Data In/Data Out 


X Battery |High-Z 
Back-up 
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DESCRIPTION 


The MK48T02/12 combines a 2K x 8 full CMOS 
SRAM, a BYTEWIDE accessible real time clock, a 
crystal and a long life lithium carbon mono-fluoride 
battery, all in a single plastic DIP package. The 
MK48T02/12 is a non-volatile pin and function 
equivalent to any JEDEC standard 2K x 8 SRAM, 
such as the 6116 or 5517. It also easily fits into many 
EPROM AND EEPROM sockets, providing the non- 
volatility of the PROMs without any requirement for 
special write timing, or limitations on the number 
of writes that can be performed. 


Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and the 
Clock are combined on the same die. As Figure 2 
indicates, the TIMEKEEPER registers are located 
in the upper eight locations of the RAM. The 
registers contain, beginning at the top; year, month, 
date, day, hour, minutes, and seconds data in 24 
Hour BCD format. Corrections for 28, 29 (Leap 
Year), 30 and 31 day months are made automati- 


FIGURE 2. BLOCK DIAGRAM 
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cally. The eighth location is a Control register. These 
registers are not the actual clock counters; they are 
BiPORT read/write Static RAM memory locations. 
The MK48T02/12 includes a clock control circuit 
that, once every second, dumps the counters into 
the BIPORT RAM. 


Because the Clock Registers are constructed us- 
ing BiPORT memory cells, access to the rest of the 
RAM proceeds unhindered by updates to the 
TIMEKEEPER registers, even if the TIMEKEEPER 
registers are being updated at the very moment 
another location in the memory array is accessed. 


The MK48T02/12 also has its own Power-fail Detect 
circuit. The circuit deselects the device whenever 
Voc is out of range, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. 


BiPORT, BYTEWIDE, TIMEKEEPER and ZEROPOWER 
are trademarks of S@S-THOMSON Microelectronics, Inc.. 


8X8 
BiPORT 
SRAM ARRAY 


2040 X 8 
SRAM 
ARRAY 
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OPERATION 
READ MODE 


The MK48T02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess (changing Addresses without removing Chip 
Enable) to any of the 2048 address locations in the 
static storage array. Valid data will be available at 
the Data I/O pins within ta, after the last address 
input signal is stable, providing that the E and G ac- 
cess times are satisfied. 


FIGURE 3. READ-READ-WRITE TIMING 
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If E or G access times are not yet met, valid data 
will be available at the latter of Chip Enable Access 
Time (tce,) or at Output Enable Access Time 
(toga). The state of the eight three-state Data I/O 
signals is controlled by E and G. If the Outputs are 
activated before ta,, the data lines will be driven 
to an indeterminate state until ta,. If the Address 
inputs are changed while E and G remain low, out- 
put data will remain valid for Output Data Hold Time 
(toy) but will go indeterminant until the next taa. 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 


(0°C <T,=70°C) (Veg (Max) =Vocg =Vec (Min)) 


PARAMETER 


Read Cycle Time 
Address Access Time 
tcea | Chip Enable Access Time 


Chip Enable Hi to High-Z 
 toez | Output Enable Hi to High-Z 


NOTE 


MK48TX2-12 | MK48TX2-15 | MK48TX2-20 | MK48TX2-25 


i 
_ 

ia] Output Enable Access Time |_| 75 
_ 
= 


Slala 
BODEEE 


1. Measured using the Output Load Diagram shown in Figure 13. 


ISTA SGS-THOMSON 


MICROELECTRONICS 


MK48T02/12(B)-12/15/20/25 


WRITE MODE 


The MK48T02/12 is in Write Mode whenever the W 
and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either Wor E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
for a minimum of twp, prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for tps prior to the End of Write and remain valid 
for tpy afterward. 


FIGURE 4. WRITE-WRITE-READ TIMING 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high dur- 
ing power-up to protect memory after Voc reaches 


Voc (min) but before the processor stablizes. 


The MK48T02/12 G input is a DON’T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implemented. A low on W will disa- 
ble the outputs twez after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 


(0°C <T,<70°C) (Vog (Max)=Voc2=Vec (Min) 


SYM | PARAMETER 


Write Cycle Time 
tas | Address Setup Time 0 
tay | Address Valid to End of Write | 90 | 


os [Data Setup Time | 25 
ow [Data Hola Time + 0 
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MKABTA2 25 
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toew| Chip Enable to End of Write | 75 | | 
he 

I i 

I ee! 

I hal 


Write Enable Low to High-Z | | 40 | 
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CLOCK OPERATIONS 
Reading the Clock 


Updates to the TIMEKEEPER registers should be 
Halted before clock data is read to prevent reading 
of data in transition. Because the BiPORT 
TIMEKEEPER cells in the RAM array are only data 
registers, and not the actual counters, updating the 
fei can be halted without disturbing the clock 
itself. 


Updating is halted when a ‘1” is written into the 
“Read” bit, the seventh most significant bit in the 
Control register. As long as a ‘1”’ remains in that 
position, updating is halted. After a Halt is issued, 
the registers reflect the count, that is day, date, and 
time that were current at the moment the Halt com- 


FIGURE 5. THE MK48T02/12 REGISTER MAP 


ADDRESS DATA 
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mand was issued. All of the TIMEKEEPER registers 
are updated simultaneously. A Halt will not inter- 
rupt an update in progress. Updating is within a se- 
cond after the bit is reset to a ‘‘0”. 


Setting the Clock 


The eighth bit of the Control register is the “Write” 
bit. Setting the Write bit to a ‘1”, like the Read Bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a 0” then transfers those values 
the actual TIMEKEEPER counters and allows nor- 
mal operation to resume. The KS bit, FT bit and the 
bits marked with zeroes in Figure 5 must be writ- 
ten with zeroes to allow normal TIMEKEEPER and 
RAM operation. 


FUNCTION 


D, D, D, D, D, D, D, D, 


KEY: ST = STOP BIT 
W = WRITE BIT 


Calibrating the Clock 


The MK48T02/12 is driven by a quartz crystal con- 
trolled oscillator with a nominal frequency of 32768 
Hz.The crystal is mounted in the tophat along with 
the battery. A typical MK48T02/12 is accurate within 
+1 minute per month at 25°C without calibration. 
The devices are tested not to exceed + 35 ppm 
(Parts Per Million) oscillator frequency error at 25°C, 
which comes to about +1.53 minutes per month. 
Of course the oscillation rate of any crystal changes 
with temperature. Figure 6 shows the frequency er- 
ror that can be expected at various temperatures. 


Most clock chips compensate for crystal frequen- 
cy and temperature shift error with cumbersome 
trim capacitors. The MK48T02/12 design, however, 
employs periodic counter correction. The calibra- 
tion circuit adds or subtracts count from the oscil- 
lator divider circuit at the divide by 256 stage, as 


kyr SGS-THOMSON 


R = READ BIT 
S = SIGN BIT 


YEAR 
MONTH 
DATE 

DAY 
HOUR 
MINUTES 
SECONDS 
CONTROL 


FT = FREQUENCY TEST 
KS = KICK START 


00-99 
01-12 

01-31 

01-07 
00-23 
00-59 
00-59 


shown in Figure 7. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control register. Adding count speeds the 
clock up, subtracting counts slows the clock down. 


The Calibration byte occupies the five lower order 
bits in the Control register. The byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; ‘1” indicates posi- 
tive calibration, “0” indicates negative calibration. 
Calibration occurs within a 64 minute cycle. The first 
62 minutes in the cycle may, once per minute, have 
one second either shortened or lengthened by 128 
oscillator cycles, that is one tick of the divide by 256 
stage. If a binary 1 is loaded into the register, only 
the first two minutes in the 64 minute cycle will be 
modified; if a binary 6 is loaded, the first 12 will be 
affected, and so on. 
PN pe og 


/ 
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FIGURE 6. THE MK48T02/12 OSCILLATOR FREQUENCY VS. TEMPERATURE 
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Therefore, each calibration step has the effect of 
adding or subtracting 256 oscillator cycles for every 
125,829,120 (32768 x 60 x 64) actual oscillator cy- 
cles, that is 2.034 ppm of adjustment per calibra- 
tion step; giving the user a + 63.07 ppm calibration 
range. Assuming that the oscillator is in fact run- 
ning at exactly 32768 Hz, each of the 31 increments 
in the Calibration byte would represent 5.35 seconds 
per month. 


Two methods are available for ascertaining how 
much calibration a given MK48T02/12 may require. 
The first involves simply setting the clock, letting 
it run for a month and comparing it to a known ac- 
curate reference (like WWV broadcasts). While that 
may seem crude, it allows the designer to give the 
end user the ability to calibrate his clock as his en- 
vironment may require, even after the final product 
is packaged in a non-user servioeable enclosure. 
All the designer has to do is provide a simple utili 
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ty that accesses the Calibration byte. The utility 
could even be menu driven and made foolproof. 


The second approach is better suited to a manufac- 
turing environment, and involves the use of some 
test equipment. When the Frequency Test (FT) bit, 
the seventh-most significant bit in the Day register, 
is set to a “1”, and the oscillator is running at 32768 
Hz, the LSB (DQ,) of the Seconds register will tog- 
gle at a 512 Hz. Any deviation from 512 Hz indicates 
the degree and direction of oscillator frequency shift 
at the test temperature. For example, a reading of 
512.00512 Hz would indicate a +10 ppm 
(1—(512/512.00512)) oscillator frequency error, requir- 
ing a —5 (000101,) to be loaded into the Calibra- 
tion Byte for correction. Note that setting or 
changing the Calibration Byte does not affect the 
Frequency Test output frequency. The device must 
be selected and addresses must be stable at Ad- 
dress 7F9 when reading the 512 Hz on DQp. 
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The FT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds register is monitored by holding the 
MK48T02/12 in an extended read of the Second 
register, without having the Read bit set. The FT 
bit MUST be reset to a ‘‘0” for normal clock opera- 
tions to resume. 


Stopping and Starting the Oscillator 


The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of time 
on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The “Stop” 
bit is the MSB of the Seconds register. Setting it 
to a ‘1” stops the oscillator. In order to make the 
oscillator as stingy with current as possible, the os- 
cillator is designed to require an extra “kick”’ to be- 
gin oscillation again. The extra kick is provided by 
the Kick Start (KS) bit, the MSB of the Hours 
register. To start the oscillator, implement the fol- 
lowing procedure. 


Set the Write Bit to ‘'1”. 

Reset the Stop Bit to ‘0”. 

Set the Kick Start Bit to “1”. 
Reset the Write Bit to ‘‘O”. 
Wait 2 seconds. 

Set the Write Bit to ‘1”. 

Reset the Kick Start Bit to ‘‘O”. 
Set the Correct time and date. 
. Reset the Write Bit to ’’0”. 


OONOMAWMo 


Note: Leaving the KS bit set will cause the Clock to 
draw excessive current and will shorten bat- 
tery life. 


DATA RETENTION MODE 


With Voc applied, the MK48T02/12 operates as a 
conventional BYTEWIDE static ram. However, Voc 
is being constantly monitored. Should the supply 
voltage decay, the RAM will automatically power- 
fail deselect, write protecting itself when Voc falls 
within the Vprp (max), Vprp (min) window. The 
MK48T02 has a Vpgp (Max) -Vpep (min) window of 
4.75 volts to 4.5 volts, providing very high data secu- 
rity, particularly when all of the other system com- 
ponents are specified to 5.0 volts plus and minus 
10%. The MK48T12 has a Vpgp (Max) -Vprp (min) 
window of 4.5 volts to 4.2 volts, allowing users con- 
strained to a 10% power supply specification to use 
the device. 


Note: A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At vol- 
tages below Vprp (min), the user can be assured 
the memory will be in a write protected state, provid- 
ed the Vcc fall time does not exceed te. The 
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MK48T02/12 may respond to transient noise spikes 
that reach into the deselect window if they should 
occur during the time the device is sampling Vcc. 
Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Voc 
to the RAM and disconnects the battery when Voc 
rises above Veo. AS Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal Bat- 
tery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after first write, and nor- 
mal RAM operation resumes. Figure 8 illustrates 
how a BOK check routine could be structured. 


Normal RAM operation can resume tpec after Voc 
exceeds Vpep (Max). Caution should be taken to 
keep E or W high as Voc rises past Vprp (Min) as 
some systems may perform inadvertent write cycles 
after Vcc rises but before normal system operation 
begins. 


FIGURE 8. CHECKING THE BOK FLAG STATUS 


POWER-UP 


READ DATA 
AT ANY 
ADDRESS 
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COMPLIMENT 
DATA BACK 
TO SAME 
ADDRESS 
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AT SAME 
ADDRESS 

AGAIN 
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COMPLIMENT 
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READ? 
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OF LOW 
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FIGURE 9. POWER-DOWN/POWER-UP TIMING 


Vec 
Vprp (MAX)— — 
Very (MIN) — — 


DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
(0°C <T,s+70°C) 
Veo [Battery Backup Switchover Votage | | | | Vv 


AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(0°C<T,<+70°C) 


rs [PARAMETER SSN | 
‘eo [E or Wat Vy befor Power Down to | 
Te | Vo (M0) 1 Vero Win) Vog Fal Tine [800 | 
Verp (Min) to Vgo Voc Fall Time | to {| 
I ae 
te Fae ae 

eee ee 


[NOTES 
ve [| 
To | 2 

— 

— 


Veep (Min) to Vprp (Max) Voc Rise Time 
E or W at V;, after Power Up 


NOTES: 

1. All voltages referenced to GND. ’ 

2. VPFp (Max) to Vprp (Min) fall times of less te may result in deselection/write 
protection not occurring until 50 »s after Vcc passes Vpfp (Min). VpFp 
(Max) to (Min) fall times of less than 10 us may cause corruption of RAM 
data or stop the clock. 

3. VpFp (Min) to Vgc fall times of less than te may cause corruption of RAM 
data or stop the clock. 


pS 
ps 
HS 
BS 


CAUTION 
Negative undershoots below —0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
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PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK48T02/12 is 
expected to ultimately come to an end for one of 
two reasons; either because it has been discharged 
while providing current to an external load; or be- 
cause the effects of aging render the cell useless 
before it can actually be discharged. Fortunately, 
these two effects are virtually unrelated, allowing 
discharge, or Capacity Consumption and the effects 
of aging, or Storage Life to be treated as two in- 
dependent but simultaneous mechanisms, the earli- 
er of which defines Back-up System life. 


The current drain that is responsible for Capacity 
Consumption can be reduced either by applying 
Voc or turning off the oscillator. With the oscillator 
off, only the leakage currents required to maintain 
data in the RAM are flowing. With Vcc on, the bat- 
tery is disconnected from the RAM. Because the 
leakage currents of the MK48T02/12 are so low, they 
can be neglected in practical Storage Life calcula- 
tions. Therefore, application of Voc or turning off 
the oscillator can extend the effective Back-up Sys- 
tem life. 


Predicting Storage Life 


Figure 10 illustrates how temperature affects 
Storage Life of the MK48T02/12 battery. As long as 
Voc is applied or the oscillator is turned off, the life 
of the battery is controlled by temperature and is 
virtually unaffected by leakage currents drawn by 
the MK48T02/12. 


Storage Life predictions presented in Figure 10 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view 
of the fact that no random cell failures have been 
recorded in any of S@S-THOMSON’s on going bat- 
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex- 
tremely small. For the purpose of this testing, a cell 
failure is defined as the inability of a cell stabilized 
at 25°C to produce a 2.0 volt closed-circuit voltage 
across a 250K ohm load resistance. 


Predicted Storage Life = 


MK48T02/12(B)-12/15/20/25 


A Special Note: The summary presented in 
Figure 10 represents a conservative analysis 
of the data presently available. While SGS- 
THOMSON is most likely in possession of the 
largest collection of battery life data of this kind 
in the world, the results presented should not 
be considered absolute or final; they can be 
expected to change as yet more data becomes 
available. We believe that future read-points 
of life tests presently under way and improve- 
ments in the battery technology itself will result 
in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 10. 
They are labeled “Average” (ts90,) and (tyo,). These 
terms relate to the probability that a given number 
of failures will have accumulated by a particular 
point in time. If, for example, expected life at 70°C 
is at issue, Figure 10 indicates that a particular 
MK48T02/12 has a 1% chance of having a battery 
failure 11 years into its life and a 50% chance of 
failure at the 20 year mark. Conversely, given a sam- 
ple of devices, 1% of them can be expected to ex- 
perience battery failure within 11 years; 50% of them 
can be expected to fail within 20 years. 


The ty, figure represents the practical onset of 
wear out, and is therefore suitable for use in what 
would normally be thought of as a worst-case anal- 
ysis. The tsoo, figure represents “normal” or “‘aver- 
age”’ life. It is, therefore, accurate to say that the 
average device will last “tsoo,”. 


Battery life is defined as beginning on the date of 
manufacture. Each MK48T02/12 is marked with a 
four digit manufacturing date code in the form 
YYWW (Example: 8625 = 1986, week 25). 


Calculating Predicted Storage Life of the Battery 


As Figure 10 indicates, the predicted Storage Life 
of the battery in the MK48T02/12 is a function of tem- 
perature. 


Because the ambient temperature profile is depen- 
dent upon application controlled variables, only the 
user can estimate predicted Storage Life in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 10. If the MK48T02/12 
spends an appreciable amount of time at a variety 
of temperatures, the following equation should be 
used to estimate Storage Life. 


1 


[(TAy/TT)/SLy]+[(TAg/TT)/SLo] +... +1(TAn/TT/SL ol] 
Where TA,, TAs, TA, = Time at Ambient Temperature 1, 2, etc. 
TT = Total Time = TA,+ TA, +...+ TA, 
SL,, SL,, SL, = Predicted Storage Life at Temp 1, Temp 2, etc. (See Figure 10). 
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Example Predicted Storage Life Calculation of 30°C (86°F) or less for 4672 hrs/yr; temperatures 
greater than 25°C, but less than 40°C (104°F), for 


A cash register/terminal operates in an environment 3650 hrs/yr; and temperatures greater than 40°C, but 
where the MK48T02/12 is exposed to temperatures _ less than 70°C (158°F), for the remaining 438 hrs/yr. 


Reading predicted t,., values from Figure 10; SL; = 456 yrs., SLp = 175 yrs., SLg = 11.4 yrs. 


Total Time (TT) = 8760 hrs./yr. TA, = 4672 hrs./yr. TA, =3650 hrs./yr. TA3 = 438 hrs./yr. 
1 


Predicted Typical Storage Life =>. ~~ SEES 
[(4672/8760)/456]+[(3650/8760)/175] + [(438/8760)/11.4] 
26 yrs. 


= 1 


FIGURE 10. MK48T02/12 PREDICTED BATTERY STORAGE LIFE VS. TEMPERATURE 
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Predicting Capacity Consumption Life 


The MK48T02/12 internal cell has a minimum rat- 
ed capacity of 35 mAh. The device places a nomi- 
nal combined RAM and TIMEKEEPER load of 1.2 
pA on a typical internal 37 mAh lithium battery when 
the clock is running and the device is in Battery 
Back-up mode. At that rate, the MK48T02/12 will con- 
sume the cell’s capacity in 29,166 hours, or about 
3.3 years. But, as Figure 11 shows, Capacity Con- 
sumption can be spread over a much longer peri- 
od of time. 


Naturally, Back-up current varies with temperature. 
As Figure 12 indicates, the rate of Current Con- 
sumption by the MK48T02/12 with the clock running 
in Battery Back-up mode is a function of tem- 
perature. 


MK48T02/12(B)-12/15/20/25 


Because the ambient temperature profile is depen- 
dent upon application controlled variables, only the 
user can estimate consumption rates in a given de- 
sign. As long as ambient temperature is held 
reasonably constant, expected Capacity Consump- 
tion life can be estimated by reading 0% Vcc Duty 
Cycle Capacity Consumption life directly from Figure 
12, and dividing by the expected Vo, Duty Cycle (i.e. 
at 25°C with a 66% Duty Cycle, Capacity Consump- 
tion Life = 3.3/(1-66) = 9.5 years). 


If the MK48T02/12 spends an appreciable amount 
of time at a variety of temperatures, the same equa- 
tion provided in the previous Storage Life section 
should be used to estimate Capacity Consumption 
life. 


Example Consumption Life Calculation 


Taking the same cash register/terminal used earlier, let's assume that the high and low temperature periods 
are the non-operating, Battery Back-up mode periods, and that the register is turned on 10 hours a day 
seven days per week. The two points of interest on the curves in Figure 12 will be the 25°C and the 
70°C points. 


Reading Capacity Life values from Figure 12; CL; = 3.3 yrs., CLp = 3.55 yrs. 


Total Time (TT) = 8760 hrs./yr. TA, = 4672 hrs./yr. TA, 


Capacity Life= 


= 438 hrs./yr. 
1 


[(4672/8760)/3.3] + [(438/8760)/3.55] 


> 5.69 yrs. 
Estimating Back-up System Life 


The procedure for estimating Back-up System Life is 
simple. Pick the lower of the two numbers. In the case 
calculated in the examples, that would be 5.69 years. 


The fact is, since either mechanism, Storage Life 


or Capacity Consumption, can end the system's life, 


the end is marked by whichever occurs first. 


FIGURE 11. TYPICAL CAPACITY CONSUMPTION LIFE AT 25°C VS.:.Vog DUTY CYCLE 
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FIGURE 12. CURRENT CONSUMPTION LIFE OVER TEMPERATURE WITH 0% Vcc DUTY CYCLE . 


DEGREES CELSIUS 


APPLICATION NOTE: 


FIGURE 13. EQUIVALENT OUTPUT LOAD DIAGRAM 


BINARY TO BCD, AND BCD TO BINARY 


CONVERSION 


as the following example BASIC program demon- 


formats can be executed in a single line of code, 
strates. 


The MK48T02/12 presents and accepts TIMEKEEP- 
ER data in BCD format. Conversion to or from other 


INT (X/0)*16+X-INT 


10 REM BINARY TO BCD 
20 DEF FNA (X)= 


(X/10)*10 
30 REM BCD TO BINARY 


40 DEF FNB (Xx) 


INT (X/16)*10+(XAND15) 


AC TEST CONDITIONS 


uw 
Qa 
o 
°o 
= 


(INCLUDING SCOPE AND JIG) 


0.6 V to2.4V 


5 ns 
08 Vor2.2V 


Input and Output Timing 
Reference Levels 


Input Levels: 
Transition Times: 


~ MICROELECTRONICS 


ISA SGS-THOMSON 
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ABSOLUTE MAXIMUM RATINGS” 


Voltage On Any Pin Relative To GND... ... 2.2... eect tenes —0.3 V to +70 V 
Ambient Operating (Vcg On) Temperature (Ta)... 2.6.6... eee eee eee eee eee eee 0°C to +70°C 
Ambient Storage (Vcc Off, Oscillator Off) Temperature ....................006. —20°C to +70°C 
Total Device: Power Dissipation :.cic coos < Radke ek s ne oOR ANS LA ON RES 64S HSS SSeS on 1 Watt 
Output: Current Per Piliescscan tans (ici wedek Rae lane eee aac eaaea ewes 20 mA 


*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions beyond those indicat- 
ed in the operational section of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C <T, <70°C) 


[sym [PARAMETER SSSS=«SMIN'*|_MAX | UNITS | NOTES 
[Vee | Supply Votage Kes, ——=~=S«; =e (| ss0 | ov | ot 
[Vee | Supply Volage (wxaerigy «| as0~—| sso (|v i| 1 
[end [Supp vonage SSCs | | St 
Logic ‘1’ Voltage All Inputs | 22 (oo to3v) vo | 4 | 
Vn [Logic "0" Vottage Alinputs «| -——os | os | v | 12 


Vit 


DC ELECTRICAL CHARACTERISTICS 
(0°C <T,<+70°C) (Veg (Max) = Voc =Vec (Min) 


[sym [PARAMETER SS«|=SMIN’ | MAX | UNITS | NOTES 
lecr | Average Voo Power Supply Current [| 60 | mA | 9 
Mloce | TTL Standby Curent E=Va) | | 5 | ma | 4 
‘ce | CMOS Standby Curent E=Veo-o2v| | 3 | ma | 4 
rh [ Input Leakage Current (Aryinpuy | 1 | + | «A | 8 
Flor | Output Leakage Curent S| SS | S| A | 
Von Output Logic “1” Voltage (loyy = —1.0 mA) | 24 fo ff ve fo 

Vor | Output Logic ‘0’ Voltage (Iony7 = 2.1 MA ee 


CAPACITANCE (T, = 25°C) 


PARAMETER | MAX | NOTES 
Capacitance on all pins (except D/Q) | 7pF | 6 | 


NOTES 

. All voltages referenced to GND. 

. Negative spikes of —1.0 volts allowed for up to 10 ns once per cycle. 

. loc, Measured with outputs open. 

. Measured with Control Bits set as follows: R = 1; W, ST, KS, FT = 0. 

. Measured with GND<V)=<Vcc and outputs deselected. 

. Effective capacitance calculated from the equation C = IAt with AV = 3 
volts and power supply at 5.0 V. VA 

7. Measured with outputs deselected. 


oOnprhan — 
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PACKAGE DESCRIPTION 
B PACKAGE 24 PIN 


D 


24 
PLASTIC 
D.I.P. 


NOTES: 

1 Overall length includes .010 in flash on either end of the package 

2 Package standoff to be measured per JEDEC requirements 

3 Measured from centerline to centerline at lead tips 

4 When the solder lead finish 1s specified, the maximum fimit shall be in- 
creased by 003 tn 


11 EQUAL SPACES 
AT .100+.010 (TNA) 


ORDERING INFORMATION 


MK48T X 2 B XX 
DEVICE Voc RANGE PACKAGE SPEED 
FAMILY -12 120 NS ACCESS TIME 


| -15 150 NS ACCESS TIME 
-20 200 NS ACCESS TIME 
-25 250 NS ACCESS TIME 


B PLASTIC WITH BATTERY 
TOP HAT 

0 +10%/-—5% 

1 +10%/—10% 


! 
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TIMEKEEPER™ 
8 K X 8 ZEROPOWER™ RAM 


™ INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 


= BYTEWIDE™ RAM-LIKE CLOCK ACCESS. 


™BCD CODED YEAR, MONTH, DAY DATE, 
HOURS, MINUTES AND SECONDS. 


m@ SOFTWARE CONTROLLED CLOCK CALIBRA- - 
TION FOR HIGH ACCURACY APPLICATIONS. (Plastic with Battery Top Hat) 


™ PREDICTED WORST CASE BATTERY LIFE OF 
10 YEARS @ 70°C. 


@ PIN FUNCTION COMPATIBLE WITH JEDEC 
STANDARD 8K X 8 SRAMS. 


@ AUTOMATIC POWER-FAIL CHIP DES- 
ELECT/WRITE PROTECTION. 


™ CHOICE OF TWO WRITE PROTECT VOL- 
TAGES: 
MK48T08 - 4.50 < Vprp < 4.70 
MK48T18 - 4.20 <Vprp < 4.50 


PIN CONNECTIONS 


MK48T08/18 


PIN NAMES 


E2 Chip Enable 


October 1989 1/14 


MKASTXS-15 
MIKASTXE-20 
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DESCRIPTION 


The MK48T08/18 combines an 8K x 8 full CMOS 
SRAM, a BYTEWIDE accessible real time clock, a 
crystal and a long life lithium carbon mono-fluoride 
battery in a single plastic DIP package. The 
MK48T08/18 is a non-volatile pin and function equi- 
valent to any JEDEC standard 8K x 8 SRAM. It also 
easily fits into many EPROM and EEPROM 
sockets, providing the non-volatility of PROMs wi- 
thout any requirement for special write timing, or 
limitations on the number of writes that can be 
performed. 


Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and the 
clock are combined on the same die. As Figure 1 
indicates, the TIMEKEEPER registers are located 
in the upper eight locations of the RAM. The regis- 
ters contain, beginning at the top; year, month, date, 
day, hour, minutes, and seconds data in 24 hour 


FIGURE 1 : MK48T08 BLOCK DIAGRAM 


VOLTAGE SENSE 


AND 
SWITCHING 


CIRCUITRY 


h 


X X X X Deselect High Z CMOS 
Standby 
“ 


| 
Hig 


BCD format. Corrections for 28, 29 (Leap Year), 30 
and 31 day months are made automatically. The 
eighth location is a control register. These registers 
are not the actual clock counters; they are BIPORT 
read/write Static RAM memory locations. The 
MK48T08/18 includes a clock contro! circuit that, 
once every second, dumps the counters into the 
BiPORT RAM. 


Because the Clock Registers are constructed using 
BiPORT memory cells, access to the rest of the 
RAM proceeds unhindered by updates to the TIME- 
KEEPER registers, even if the TIMEKEEPER regis- 
ters are being updated a the very moment another 
location in the memory array is accessed. 


The MK48T08/18 also has its own Power-fail Detect 
circuit. The circuit deselects the device when ever 
Vcc below tolerance, providing a high degree of 
data security in the midst of unpredictable system 
operations brought on by low Vcc. 


8X8 
BIPORT 
SRAM ARRAY 


| MopE | DQ | POWER | 
Vi__| Write | DIN | Active | 
Z. 


Battery 
Back-up 
Mode 
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FIGURE 2 : POWER DOWN/POWER UP TIMING. 


So 


—y|te 


INT 
(MK48Z09/19 ONLY) t PFX 


ALL INPUTS RECOGNIZED DON'T CARE <| RECOGNIZED 


ALL VALID OUTPUTS <q VALID (PER 
(PER CONTROL INPUTS) CONTROL INPUT) 


AC ELECTRICAL CHARACTERISTICS ( POWER-UP/DOWN TIMING ) (0°C < Ta < + 70°C) 


PARAMETER SSC*dYSCMIN 
E orWat Visbefore Power Down =| io 
Vero (Max) toINTHigh 


| TYP | MAX | UNITS 


4 


Power-fail Deselect Voltage (MK48T08/09) 


Power-fail Deselect Voltage (MK48T18/19) 
Battery Back-up Switchover Voltage os. aa 


Expected Data Retention Time 


NOTES : 
1. All voltages referenced to GND. 


2. Veprp (MAX) to Verp (MIN) fall time of less than temay result in deselection/write protection not occuring until 200 1S after Vcc passes Vprp 
(MIN). Vero (MAX) to (MIN) fall times of less than 10 1S may cause coruuption of RAM data. 


3.Vprp (MIN) to Vso fall time of less than tes may cause corruption of RAM data. 


4. INT may go high anytime after Vcc exceeds Vso and is guaranteed to go high tern after Vcc exceeds Vern (MAX). 
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READ MODE 


The MK48T08/18 is in the Read Mode whenever W 
, (Write Enable) is high, Ei is low, and Ee is high. 

ccess Time (teLav). The state of the eight three- 
state Data I/O signals is controlled by Chip Enable 
and G. If the Outputs are activated before tavav, 
the data lines will be driven to an indeterminate 
state until tavav. If the Address inputs are changed 
while Chip Enable and G remain low, output data 
will remain valid for Output Hold from Address 
(taxax) but will go indeterminate until the next Ad- 
dress Access. 


The device architecture allows ripple through ac- 
cess of data from eight of 65,536 locations in the 
static storage array. Thus, the unique address 
specified by the 13 Address inputs defines which 
one of the 8,192 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav after the last address input_signal is 
stable, providing that the Chip Enable and G access 
times are satisfied. 


If Chip Enable or G access times are not yet met, 


valid data will be available at the latter of Chip 
Enable Access Time (teLav) or at Output Enable 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE) (0°C < Ta < +70°C (Vec (min) < Vec< Vec(Max)) 


SYMBOL |PARAMETER 


Chip Enable 1 to Q low-Z 
Chip Enable 2 to Q low-Z 
Output Hold from Address 
Ouput Enable 1 to Q low-Z 
Read Cycle Time 100 
Address Access Time 

Chip, Enable 1 Access Time 
Chip, Enable 2 Access Time 
Output Enable Access Time 
Chip Enable 7 to Q High-Z 
Chip Enable 2 to Q High-Z 
Output Disable to Q High-Z 
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FIGURE 3: READ TIMING N°.1 (ADDRESS ACCES ) 


ADDRESS 


DATA VALID x 


FIGURE 4 : aREAD TIMING N°.2 
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WRITE MODE 


The MK48T08/18 is in the Write Mode whenever 
Write Enable and Chip Enable are active. The start 
of a write is referenced to the latter occurring falling 
edge of w or e1 or rising edge of e2. a write is 
terminated by the earlier rising edge of w or e1, or 
the falling edge of e2. the addresses must be held 
valid throughout the cycle. e1 or wmust return 
high or e2:low for minimum of te1 hax or te2Lax prior 
to the initiation of another read or write cycle. Da- 


ta-in must be valid toven prior to the end of write and 
remain valid for twHpx afterward. 


Because G is a Don’t Care in the Write Mode and a 
low on W will return the outputs to High-Z, G can be 
tied low and two-wire RAM control can be implemen- 
ted. Alow on W will disable the outputs twLaz after 
W falls. Take care to avoid bus contention when 
operating with two-wire control. 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) (0°C < Ta< +70°C (Vcc (min) < Vec< Vcc (max)) 


SYMBOL |PARAMETER 


Address Set-Up Time 
Address Set-Up Time 
stages. | to ChipEnable 

tave2H 
Write recovery from Chip Enable 
| Se ( Address Hold Time ) 

TEALAX 


Chip Enable Active to 

| tetea. | End of Write (W High) 
te2HeeL 

Data Valid to End of Write 

W Low to Q High-Z 


NOTES: 
1. Ina W Controlled Cycle 
2. Ina Ey, E2 Controlled Cycle 
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FIGURE 5: WRITE CONTROL CYCLE TIMING 


ADDRESS 


FIGURE 6: CHIP ENABLE CONTROL WRITE CYCLE TIMING 


ADDRESS 
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DATA RETENTION MODE 


With Vcc applied, the MK48T08/18 operates as a 
conventional BYTEWIDE static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when 
Vcc falls within the Vprp(max), Verp(min) window. 


Note: A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At 
voltages below Vprp(min), the user can be assured 
the memory will be in a write protected state, provi- 
ded the Vcc fall time is not less than tr. The 
MK48T08/18 may respond to transient noise 
spikes that reach into the deselect window if this 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of the power supply 
lines is recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. Normal RAM operation can re- 
sume trec after Vcc exceeds Vprp(max). Caution 
should be taken to keep Ei high or Ee low as Vcc 
rises past Vprp (Min) as some systems may per- 
form inadvertent write cycles after Vcc rises but 
before normal system operation begins. 


POWER FAIL INTERRUPT 


The MK48T08/1 8continuously monitors Vcc. When 
Vcc fall to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediatly generated. 
Aninternal clock provides a delay no less than 10uS 
but no greater than 40uS before automatically des- 
electing the MK48T08/18. 


PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK48T08/18 is 
expected to ultimately come to an end for one of 
two reasons: either because it has been dischar- 
ged while providing current to an external load; or 
because the effects of aging render the cell useless 
before it can actually be discharged. Fortunately, 
these two effects are virtually unrelated, allowing 
discharge, or Capacity Consumption, and the ef- 
fecis of aging, or Storage Life, to be treated as two 
independent but simultaneous mechanisms, the 
earlier of which defines Back-up System life. 


With Vcc on, the battery is disconnected from the 
RAM and aging effects become the determining 
factor in battery life. With Vcc off, leakage currents 
in the RAM provide the only load on the Battery 
during battery back-up. For the MK48T08/18the 
leakage currents are so low that the Back-up Sys- 
tem life of the device is simply the Storage Life of 
the cell. The Storage Life of the cell is a function of 
temperature. 
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PREDICTING STORAGE LIFE 


Figure 7 illustrates how temperature affects Sto- 
rage Life of the MK48T08/18 battery. The life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48T08/18. 


Storage Life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera- 
ture accelerated testing cannot identify non-tem- 
perature dependent failure mechanisms. However, 
in view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON’s on 
going battery testing since it began in 1982, we 
believe the chance of such failure mechanisms 
surfacing is extremely small. For the purpose of 
the testing, a cell failure is defined as the inability 
of a cell stabilized at 25°C to produce a 2.4 volt 
closed-circuit voltage across a 250K load resi- 
stance. 


A Special Note: The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While S@S-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final; they can be expected to change as yet more 
data becomes available. We believe that future 
read points of life test presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 7. 
The are labeled "Average" (t50%) and (t1%). These 
terms relate to the probability that a given number 
of failures will have accumulated by a particular 
point in time. If, for example, expected life at 
70°C is at issue, Figure 7 indicates that a parti- 
cular MK48T08 has a 1% chance of having a 
battery failure 11 years into its life and a 50% 
chance of failure at the 20 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience a battery failure within 11 
years; 50% of them can be expected to experience 
a failure within 20 years. 

The tix figure represents the practical onset of wear 
out, and is therefore suitable for use in what would 
normally be thought of as a worst-case analysis. 
The t5o% figure represents "normal" or "average" 
life. It is, therefore, accurate to say that the average 
device will last "tso%". 


Battery life is defined as beginning at the date of 
manufacture. Each MK48T08/18 is marked with a 
five digit manufacturing date code in the form 
XYYWW. The first digit is the assembly location 
code (example: 98625= assembled in Muar Mala- 
sia, 1986, week 25). 
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Calculating Predicted Storage Life of the Batte- 
ry 

As Figure 7 indicates, the predicted Storage Life of 
the battery in the MK48T08/18 is a function of 
temperature. 


Example Predicted Storage Life Calculation 


MK48T08/18(B)-10/15/20 


Because the ambient temperature profile is depend- 
ent upon application controlled variables, only the 
user can estimate predicted Storage Life inagiven 
design. As long as ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 7. If the MK48T08/18 
spends an appreciable amount of time at a variety 


Predicted Storage Life = 1 + { [(TA1 + TT) + SLi] + [(TA2 + TT) + SLo] + ...+ [(TAN + TT) +SLn] } 
Where TAi, TA2, TAN, = Time at Ambient Temperature 1, 2, etc. 


TT = Total Time = TAi + TAe +... + TAN 


SLi, SL2, SLn = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 7) 


Example Predicted Storage Life Calculation 


Acash register/terminal operates in an environment 
where the MK48T08 is exposed to temperatures of 


55°C or less for 8322 hrs./yr.; and temperatures 
greater than 60°C, but less than 70°C, for the 
remaining 438 hrs./yr. 


Reading Predicted ti values from Figure 7; SLi = 41 yrs., SL2 = 11.4 yrs., 
Total Time (TT) = 8760 hrs./yr. TA1 = 8322 hrs./yr. TA2 = 438 hrs./yr. . 
Predicted Typical Storage Life > 1 + { [ (8322 + 8760) + 41] + [(438 + 8760) + 11.4] 


Predicted Typical Storage Life => 36 years 


FIGURE 7 : PREDICTED BATTERY STORAGE LIFE VS. TEMP. 
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Calculing Predicted Capacity Consumption 


The MK48T08/18 internal cell has a minimum rated 
capatity of 35MAh.The device places a nominal 
RAM and TIMEKEEPER load pof less than 400nA 
over the operating temperature range. At this rate, 
the Capacity Consumption life is 35E-3/400E- 
9=87500 hours or about 10 Years.The Capacity 
Consumption life can be extended by applying Vcc 
or turning off the oscillator run 100% of the time butr 
Vcc is applied 60% of the time, the Capacity 
Consumption life is 10/(1-.6) = 25 years. 


CLOCK OPERATIONS 
Reading the Clock 


Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
of data in transition. Because the BiPORT TIME- 
KEEPER cells in the RAM array are only data 
registers, and not the actual counter, updating the 
registers can be halted without disturbing the clock 
itself. 


Updating is halted when a "1" is written into the 
"Read" bit, the seventh most significant bit in the 
Control Register. As long as a "1" remains in that 
position, updating is halted. After a Halt is issued, 
the registers reflect the count, that is the day, date, 
and time that were current at the moment the Halt 
command was issued. 


All of the TIMEKEEPER registers are updated si- 
multaneously. A Halt will not interrupt an update in 
progress. Updating is within a second after the bit 
is reset to a "0". 


FIGURE 8 : THE MK487T08/18 REGISTER MAP 


ADDRESS 


1FFF 
1FFE 
1FFD 
1FFC 
1FFB 
1FFA 


1FF9 


ST = STOP BIT 
W = WRITE BIT 
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R = READ BIT 
S = SIGNBIT 


Estimated back-up System Life 


Since either Storahge or Capacity Consumption 
can end the Battery’s life, System Life is marked 
which-ever occurs first. : 


Setting the Clock 


The eighth bit of the Control register is the "Write" 
bit. Setting the Write.bit to a'"1", like the Read bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a "0" then transfers those values to 
the actual TIMEKEEPER counters and allows nor- 
mal operation to resume. 


Stopping and Starting the Oscillator 


The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of time 
on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The "Stop" 
bit is the MSB for the Seconds Register. Setting it 
to a"1" stops the oscillator. 


FUNCTION 


YEAR 00-939 
MONTH 01-12 
DATE 01-31 
DAY 01-07 
HOUR 00-23 
MINUTES 00-59 
SECONDS 00-59 


CONTROL 


FT = FREQUENCY TEST 
X = UNUSED 
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Calibrating the Clock 


The MK48T08/18 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. 
The crystal is mounted in the tophat along with the 
battery. Atypical MK48T08/18 is accurate within +1 
minute per month at 25°C without calibration. The 
devices are tested not to exceed 35 PPM (parts per 
million) oscillator frequency error at 25°C, which 
equates to about + 1.53 minutes per month. Of 
course the oscillation rate of any crystal changes 
with temperature. Figure 8 shows the frequency 
error that can be expected at various temperatures. 


Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK48T08/18 design, however, em- 
ploys periodic counter correction. The calibration 
circuit adds or subtracts counts from the oscillator 
divider circuit at the divide by 128 stage, as shown 
in Figure 7. The number of times pulses are blanked 
(subtracted, negative calibration) or split (added, 
positive calibration) depends upon the value loaded 
into the five bit Calibration byte found in the Control 
Register. Adding counts speeds the clock up, sub- 
tracting counts slows the clock down. 


FIGURE 9 


POSITIVE 
CLAIBRATION 
NEGATIVE 
CALIBRATION 


The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; "1" indicates positive 
calibration, "0" indicates negative calibration. Calli- 
bration occurs within a 64 minute cycle. The first 62 
minutes in the cycle may, once per minute, have one 
second either shortened by 128 or lengthened. by 
256 oscillator cycles. If a‘binary "1" is loaded into 
the register, only the first 2 minutes in the 64 minute 
cycle will be modified; if a binary 6 is loaded, the first 
12 will be affected, and so on. 


Therefore, each calibration -step has the effect of 


adding 512 or. subtracting 256 oscillator cycles-for -- 


~ 
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‘every 125,829,120 actual oscillator cycles, that is 


+4.068 or -2.034 PPM of adjustment per calibration 
step in the calibration register. Assuming that the 
oscillator is in fact running at exactly 32,768 Hz, 
each of the 31 increments in the Calibration byte 
would represent +10.7 or - 5.35 seconds per month. 


Two methods are available for ascertaining how 


-much calibration a given MK48T08/18 may require. 


The first involves simply setting the clock, letting it 
run for a month and comparing it to a Known accu- 
rate reference (like WWV broadcasts). While that 
may seem crude, it allows the designer to give the 
end ‘user the ability to calibrate his clock as his 
environment may require, even after the final pro- 
duct is packaged in a non-user serviceable enclo- 
sure. All the designer has to do is provide a simple 
utility that accesses the Calibration byte. The utility 
could even be menu driven and made foolproof. 


The second approach is better suited to a manufac- 
turing environment, and involves the use of some 
test equipment. When the Frequency Test (FT) bit, 
the seventh-most significant bit in the day Register, 
is set to a"1", and the oscillator is running at 32,768 
Hz, the LSB (DQO) of the Seconds Register will 
toggle at 512 Hz. Any deviation from 512 Hz indi- 
cates the degree and direction of oscillator frequen- 
cy shift at the test temperature. For example, a 
reading of 512.01024 Hz would indicate a +20 PPM 
oscillator frequency error, requiring a -10(001010) 
to be loaded into the Calibration Byte for correction. 


‘*- Note that setting or changing the Calibration Byte 


does not affect the Frequency test output frequency. 
The device must be selected and addresses must 
Stable at Address 1FF9 when reading the 512 Hz on 
DQO. 


The FT bit must be set using the same method used 
to set the clock, using the write bit. The LSB of the 
Seconds Register is monitored by holding the 
MK48T08/18 in an extended read of the Seconds 
Register, without having the Read bit set. The FT 
bit MUST be reset to oF for normal clock operations 
to resume. 


FIGURE 10 : FREQUENCY ERROR 
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ABSOLUTE MAXIMUM RATINGS * 


TemiPoverDwspson | SSC*dCw 
Ambient Storage ( Vcc off ) Temperature 


Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is net implied. Exposure to the absolute maximum ratings conditions for extended periods of t ime may affect reliability. 


CAUTION — : 
Negative undershoots below -0.3'volts are not allowed on any pin while in the Battery Back-up mode. 


W 
m 


‘ 


RECOMMENDED DC OPERATING CONDITIONS (0°Cs Ta < +7/0°C) 


smoot [ewaueren | aw |_ ax | wwe | ores 
ve [Ses oige caeanw ame [es || 
vee [eens ans marian” as | aa 
eo lemon fe | 


Logic "1" Voltage All Inputs | 22 | Veo+0.3v_ 


Logic "0" Voltage All Inputs 


Output Logic "0" Voltage (lout = +2.1 mA) g el 
INT Logic "0" Voltage (lout = +0.5 mA) ; ars 


NOTES : 
. All voltages referenced to GND. 
. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle. 


. 1mA typical. 


1 
2 

3. lcci measured with outputs open. 

4 

5. Measured with Vcc => V; > GND and outputs deselected. 
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AC TEST CONDITIONS : FIGURE 11 : OUPUT LOAD DIAGRAM 
INPUT LEVELS 0.0v to 3.0v 

TRANSITION TIMES: 5ns 

INPUT AND OUTPUT TIMING 

REFERENCE LEVELS 1.5v 


DEVICE 
UNDER 
TEST 


100 pF 
(INCLUDING SCOPE 
AND JIG) 


CAPACITANCE (Ta = 25°C) 


SYMBOL PARAMETER 
Capacitance on all pins (except DQ) 
capacitance on DQ pins 


1. Effective capacitance calculated from the equation C 


ORDERING INFORMATION 


er 


MK48T18B10 BV 410% -5% 
MK48T18B15 5V +10% -5% 
MK48T18B20 — 5V +10% -5% 
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FIGURE 12 : PACKAGE MECHANICAL DATA 


11 EQUAL SPACES @ 
100  O100(TNA) 


NOTES 


1. OVERALL LENGTH INCLUDES FLASH 
AND PROJECTIONS ON EITHER END 
OF PACKAGE 


2 PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS 


3 THE MAXIMUM LIMIT SHALL BE 
INCREASED BY .003 IN WHEN 
SOLDER LEAD FINISH IS SPECIFIED 


# 
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» DROP-IN REPLACEMENT FOR IBM AT COM- 
PUTER CLOCK/CALENDAR 

a» PIN COMPATIBLE WITH THE DS1285Q 

» EXTERNAL BATTERY AND CRYSTAL PINS 

a COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA- 
TION 

as BINARY OR BCD REPRESENTATION OF TI- 
ME, CALENDAR AND ALARM 

nm 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 

a» SELECTABLE BETWEEN MOTOROLA AND IN- 
TEL BUS TIMING 

a» MULTIPLEX BUS FOR PIN EFFICIENCY 

a INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS 


14 bytes of clock and control registers 


50 bytes of general purpose ram 
=» PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 
» BUS COMPATIBLE 
(IRQ) 
=» THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE 


Time-of-day alarm  once/second to 
once/day 


Periodic rates from 122 us to 500 ms 
End of clock update cycle 


INTERRUPT SIGNALS 


October 1989 


SGS-THOMSON 
MICROELECTRONICS 


MK48T85Q 


ADDRESS / DATA MULTIPLEX 
TIMEKEEPER™ RAM 


ADVANCE DATA 


PIN CONNECTIONS 


AD6 NF AD7 GND E AS NF 


PIN NAMES 


| ECL CHIPSELECT 
| iRQ_—s||——sINTERRUPTREQUEST _—i 
RESET 


NO FUNCTION 


“ This pin serves no function and may be connected to other 
signals without affecting device operation. The electrical 
characteristics are the same as the other inputs pins. 


1/5 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 


403 


MK48T85Q 


DESCRIPTION 


The MK48T85 RealTime Clock and RAM is des- 
igned to be a functional replacement for the 
DS1285. The functions available to the user in- 
clude a time-of-day clock, an alarm, a one-hun- 
dred-year calendar, programmable interrupts, a 
square wave generator, and 50 bytes of static 
RAM. The MK48T85 provides connections for a 
battery and a 32.768 KHz crystal. The battery 
connection allows the user to back-up the RAM 
and clock functions in the absence of system 
voltage. 


Automatic deselection of the device provides in- 
surance that data integrity is not compromised 
should Vcc fall below specified (Vprp) levels. The 
automatic deselection of the device remains in 


FIGURE 1. BLOCK DIAGRAM 


External 
Crystal 


Power 
Switch 
and 
Write 
Protect 


External 
Cell 


Clock/ 
Calendar 
Update 


Bus 
Interface 


BCD/ 
Binary 
Increment 
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effect upon power up for a period of 100ms after 
Vcc rises above Vprp, provided the Real Time 
Clock is running and the count down chain is not 
in reset, allowing sufficient time for Vcc to stabi- 
lize and giving the system clock a wake up pe- 
riod so that a valid system reset can be estab- 
lished. 


OPERATION 


The block diagram in Figure 1 shows the pin 
connection with the major functions of MK48T85 
(Real Time Clock/RAM). For a complete descrip- 
tion of operating conditions, electrical charac- 
teristics, bus timing, and pin descriptions other 
than X1, X2, VBAT, and RCLR see the 
MK48T87(B) datasheet. 


Periodic Interrupt/Square Wave Rate 
Selection 
(1 of 16 Selector) 


Square 
| Wave Out ; 


Registers A, B 
(4B 


SQw 


IRQ 


.C,D RESET 
ytes) 


Clock Alarm 
Calendar RAM 
(10 Bytes) 


User RAM 
(50 Bytes) 
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SIGNAL DESCRIPTIONS 


X1, X2 - The X1 and X2 pins are the connections 
for a standard 32.768 KHz quariz crystal. 


VBAT - The VBAT pin is the battery input for any 
standard 3V lithium cell or other energy source. 


RCLR - the RCLR pin is used to clear (set to 
logic "1") all 50 bytes of the general purpose 
RAM associated with the Real Time Clock. In or- 


der to clear the RAM, RCLR must be forced to 
an input logic "0" (-0.3 to 0.8 volts) for a minimun 
of 100 ms when VCC is applied 


FOR COMPLETE DESCRIPTION OF OPERA- 
TING CONDITIONS, ELECTRICAL CHARAC- 
TERISTICS, BUS TIMING, PACKAGE DIMEN- 
SION, AND PIN DESCRIPTIONS, SEE THE 
MK48T87(B) DATASHEET. . 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C ) (Vcc (Max) § Vcc $ Vcc min)) 


PARAMETER 


hs tf Resonant Frequancy 


fg load Capacitance 


| svwpo. |PARAMETER |i | max _| units | Noes | 
[ccs average Veo Power Supply Current || 5 | mA | 
tnt inputcurent | 0 | 0 [wa 
Pu inputLeakage Curent | tnt [wa 
[lon output Leakage Curent TT | A | 
Vow JOutputLogict* Vottage (lour=-t.0ma) | ae [Tv 
(Vo. output Loic"0 Vote (lour=40ma) | | oe [vf 
PoN Meera 


TEST CONDITIONS 


fo array 
Series Resistance ee ed 
cL oe ll 


VALUES 
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FIGURE 2 . POWER-UP / POWER-DOWN CONDITIONS 


DATA RETENTION TIME 


tor 


AC ELECTRICAL CHARACTERISTICS (POWER-UP / DOWN TIMING) 


| sywpo. [PARAMETER | own | omax | uns, | NOTES 
[wo [EorWatVisBeforePowerDown | o [| ns | 
[te |Wrroto Vso Vec FalTime [ato | Ts 
[ts |Wsot0VeroVec Rise Tine | too | Ts ST 


DC ELECTRICAL CHARACTERISTICS (POWER-UP/ DOWN TRIP POINTS)(0°C < Ta < 70°C) 


aie anaes ww [ve [wax | ows | noves 
| Vern ___—[Power-fail DeselectVoltage | | 1.29Veer| | CV | 
| _Vso__|Battery Back-up Swithover Voltage | || Veer | CE CT 
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FIGURE 3. PACKAGE DESCRIPTION 28 PIN PLCC 


6 EQSPCS 
@ .050 EA 
= .300 O.A. 
4 PLACES 


NOTES: 
1. Lead finish to be solder dip 


or tin/lead plate. 

2. The maximun limit shall be 
increased by 0.003 inche when 
aes solder lead finish is specified. 
0.430 

0.495 


0.060 
0.042 | 0.056 
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ADDRESS / DATA MULTIPLEX 
TIMEKEEPER™ RAM 


ADVANCE DATA 


=» DROP-IN REPLACEMENT FOR IBM AT COM- B 
PUTER CLOCK/CALENDAR 

= PIN COMPATIBLE WITH THE MC146818 A 

= TOTALLY NONVOLATILE WITH OVER 10 YE- 
ARS OF OPERATION IN THE ABSENCE OF 
POWER 

=» SELF-CONTAINED SUBSYSTEM INCLUDES PIN CONNECTIONS 
LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 

=» COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA- 
TION 

s BINARY OR BCD REPRESENTATION OF TI- 
ME, CALENDAR AND ALARM 

= 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE MK48T87A(B) 

a SELECTABLE BETWEEN MOTOROLA AND IN- 
TEL BUS TIMING . 

=» MULTIPLEX BUS FOR PIN EFFICIENCY 

=» INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS 


14 Bytes Of Clock And Control Registers 


50 Bytes Of General Purpose Ram 
a PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 
» BUS COMPATIBLE INTERRUPT SIGNALS 


(IRQ) PIN NAMES 
s THREE INTERRUPTS ARE SEPARATELY 


(Plastic with battery top Hat) 


SOFTWARE-MASKABLE AND TESTABLE 
Time-of-day Alarm Once/second To BUS TYPE SELECTION 
Once/day | UE CHIP SELECT 
Periodic Rates From 122 us To 500 ms ADDRESS STROBE 
End Of Clock Update Cycle | WT READ/WRITE 

SQUARE WAVE OUT 
| RQ. INTERRUPT REQUEST 
RESET RESET 
DATA STROBE 
+5 VOLTS 
GROUND 
* This pin serves no function and may be connected to other 
signals without affecting device operation. The electrical ; 
characteristics are the same as the other inputs pins. NO FUNCTION 
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MK48T87A(B) 


DESCRIPTION 


The MK48T87 Real Time Clock and RAM is des- 
igned to be a compatable replacement for the 
MC146818. A lithium energy source, a quartz 
crystal and write-protection circuitry are contai- 
ned within a 24-pin dual in-line package. The 
MK48T87 is, therefore, a complete subsystem re- 
placing as many as 16 components in a typical 
application. The functions available to the user 
include a nonvolatile time-of-day clock, an alarm, 
a one-hundred-year calendar, programmable in- 
terrupt, Square wave generator, and 50 bytes of 
nonvolatile static RAM. The Real Time 
Clock/RAM is unique in that the time-of-day and 
memory are maintained even in the absence of 
power. 


Automatic deselection of the device provides in- 
surance that data integrity is not compromised 
should Vcc fall below specified (VprFp) levels. The 
automatic deselection of the device remains in 
effect upon power up for a period of 100ms after 
Vcc rises above Vprp, provided the Real Time 
Clock is running and the count down chain is not 


FIGURE 1. BLOCK DIAGRAM 


O 


Switch 
Riana — ree 


in reset, allowing sufficient time for Vcc to stabi- 
lize and giving the system clock a wake up pe- 
riod so that a valid system reset can be estab- 
lished. : 


The block diagram in Figure 1 shows the pin 
connection with the major internal functions of 
MK48T87 (Real Time Clock/RAM). FOR COM- 
PLETE DESCRIPTION OF OPERATING CONDI- 
TIONS, ELECTRICAL CHARACTERISTICS, 
BUS TIMING, PACKAGE DIMENSION, AND 
PIN DESCRIPTIONS OTHER THAN RLCR, SEE 
THE MK48T87(B) DATASHEET. 


SIGNAL DESCRIPTIONS 


RCLR - The RCLR pin is used to clear (set to 
logic "1") all 50 bytes of general purpose RAM 
but does not affect the RAM associated with the 
Real Time Clock. In order to clear the RAM, | 
RCLR must be forced to an input Logic "0" (-0.3 
to 0.8 volts) for a minimun of 100 ms when Vcc 
is applied. 


Periodic InterrupUSquare Wave Rate 


Selection 
(1 of 16 Selector) 


| Registers A, B,C, D 
(4 Bytes) 
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Clock Alarm 
Calendar RAM 
(10 Bytes) 


User RAM 
(50 Bytes) 
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ADDRESS / DATA MULTIPLEX 
TIMEKEEPER™ RAM 


ADVANCE DATA 


- oboe EP ACEMENT FOR AT COM ibe 

= PIN COMPATIBLE WITH THE MC146818 A peeete wita:atloly Tepe) 

= TOTALLY NONVOLATILE WITH OVER 10 YE- 
ARS OF OPERATION IN THE ABSENCE OF 
POWER 

» SELF-CONTAINED SUBSYSTEM INCLUDES 
LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 

s COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA- 
TION 

» BINARY OR BCD REPRESENTATION OF TI- 
ME, CALENDAR AND ALARM 

= 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 

=» SELECTABLE BETWEEN MOTOROLA AND IN- 
TEL BUS TIMING 

=» MULTIPLEX BUS FOR PIN EFFICIENCY 

= INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS 


14 Bytes Of Clock And Control Registers 


50 Bytes Of General Purpose Ram 
» PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 
s BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 
» THREE INTERRUPTS ARE SEPARATELY  piIN NAMES 
SOFTWARE-MASKABLE AND TESTABLE 


Time-of-day Alarm Once/second To 
Once/day 


Periodic Rates From 122 us To 500 ms 
End Of Clock Update Cycle 


* This pin serves no function and may be connected to other 
signals without affecting device operation. The electrical 
characteristics are the same as the other inputs pins. 


NF* 
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DESCRIPTION 


The MK48T87 RealTime Clock and RAM is des- 
igned to be a compatable replacement for the 
MC146818. A lithium energy source, a quartz 
crystal and write-protection circuitry are contai- 
ned within a 24-pin dual in-line package. The 
MK48T87 is, therefore, a complete subsystem re- 
placing as many as 16 components in a typical 
application. The functions available to the user 
include a nonvolatile time-of-day clock, an alarm, 
a one-hundred-year calendar, programmable in- 
terrupt, Square wave generator, and 50 bytes of 
nonvolatile static RAM. The Real Time 
Clock/RAM is unique in that the time-of-day and 
memory are maintained even in the absence of 
power. 


FIGURE 1. BLOCK DIAGRAM 
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Automatic deselection of the device provides in- 
surance that data integrity is not compromised 
should Vcc fall below specified (Vprp) levels. The 
automatic deselection of the device remains in 
effect upon power up for a period of 100ms after 
Vcc rises above Vprp, provided the Real Time 
Clock is running and the count down chain is not 
in reset, allowing sufficient time for Vcc to stabi- 
lize and giving the system clock a wake up pe- 
riod so that a valid system reset can be estab- 
lished. 


The block diagram in Figure 1 shows the pin 
connection with the major internal functions of 
MK48T87 (Real Time Clock/RAM). The following 
paragraphs describe the function of each pin. 


Periodic Interrupt/Square Wave Rate 


Selection 
(1 of 16 Selector) 


Power | Tt | 
= ii ae 


Square 
it Wave Out i 


SQw 
IRQ 


Clock Alarm 
Calendar RAM 
(10 Bytes) 


User RAM 
(50 Bytes) 
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SIGNAL DESCRIPTIONS 


GND, Vcc - D.C. power is provided to the device 
on these pins. Vcc is the +5 volt input. When 
Vcc is applied and is above Vprp, the device is 
fully accessible and the data can be written and 
read. When Vcc is below Vpep, reads and writes 
are inhibited. However, the timekeeping function 
continues unaffected by the lower input voltage. 
As Vcc falls below Vso, the RAM and timekeeper 
are switched over to an internal Lithium energy 
source. The timekeeping function maintains an 
accuracy of + 1 minute per month at 25 ° C re- 
gardless of the voltage input on the Vcc pin. 


MOT (Mode Select) - The MOT pin offers the 
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flexibility to choose between two bus types. 
When connected to Vcc, Motorola bus timing is 
selected. When connected to GND or left discon- 
nected, Intel bus timing is selected. The pin has 
an internal pull-down resistance of approximately 
20K. 


SQW (Square Wave Output) - The SQW pin 
can output a signal from one of 13 taps provided 
by the 15 internal divider stages of the Real Time 
Clock. The frequency of the SQW pin may be 
changed by programming Register A. As shown 
in Table 1, the SQW signal may be turned on 
and off using the SQWE bit in Register B. The 
SQW signal is not available when Vcc is less 
than Vpep. 


TABLE 1 . PERIODIC INTERRUPT RATE AND SQUARE WAVE FREQUENCY 


SELECT BITS REGISTER A 


ADO-AD7 (Multiplexed Bi-Directional Ad- 
dress/Data Bus) - Multiplexing the bus reduces 
the device pin count because address informa- 
tion and data information time share the same 
signal paths. The addresses are presented du- 
ring the first portion of the bus cycle and the 
same pins and signal paths are used for data 
transfer during the second portion of the cycle. 
Address/data multiplexing does not slow the ac- 
cess time of the MK48T87 since the bus change 


te; PERIODIC 
SQW OUTPUT 
INTERRUPT RATE FREQUENCY 


| None | None 
| s00ms_ | Hz 


from address to data occurs during the internal 
RAM access time. Addresses must be valid 
prior to the falling edge of AS/ALE, at which 
time the MK48T87 latches the address from ADO 
toAD5. Valid write data must be present and 
held stable during the latter portion of the DS or 
RD pulses. The read cycle is terminated and the 
bus returns to a high impedance state as DS 
transitions low in the case of Motorola timing or 
as RD transitions high in the case of Intel timing. 


= 3/19 
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AS (Address Strobe Input) - A positive going 
address strobe pulse serves to demultiplex the 
bus. The falling edge of AS/ALE causes the ad- 
dress to be latched within the MK48T87. 


DS (Data Strobe or Read Input) - The DS/RD 
pin has two modes of operation depending on 
the level of the MOT pin. When the MOT pin is 
connected to Vcc, Motorola bus timing is selec- 
ted. In this mode DS is a positive pulse during 
the latter portion of the bus cycle and _ is called 
Data Strobe. During read cycles, DS signifies the 
time that the MK48T87 is to drive the bi-direc- 
tional bus. In write cycles the trailing edge of 
DS causes the MK48T87 to latch the written da- 
ta. When the MOT pin is connected to GND, 
Intel bus timing is selected. In this mode the 
DS pin is called Read (RD). RD identifies the 
time period when the MK48T87 drives the bus 
with read data. The RD signal is the same defi- 
nition as the Output Enable (G) signal on a typi- 
cal memory. 


W (Read/Write Input) - The W pin also has two 
modes of operation. When the MOT_pin is 
connected to Vcc for Motorola timing, Wis a 
level which indicates whether the current cycle is 
a read or write. A read cycle is indicated with a 
high level on W while DS is high. A write cycle 
is indicated when W is low during DS. When the 
MOT pin is connected to GND for Intel timing, 
the W signal is an active low signal called WR. 
In this mode the W pin has the same meaning 
as the Write Enable signal (W) on generic RAMs. 


E (Chip Select Input) - The Chip Select signal 
(E)‘must be asserted low for a bus cycle in which 
the MK48T87 is to be accessed. E must be kept 
in the active state during DS and AS for Motorola 
timing and during RD and W for Intel timing. Bus 
cycles which take place without asserting E will 
latch addresses but no access will occur. When 
Vcc is below Vprp, the MK48T87 internally inhi- 
bits access cycles by internally disabling the E 
input. This action protects both the Real Time 
Clock data and RAM data during power outages. 


IRQ (Interrupt Request Output) - The IRQ pin 
is an active low output of the MK48T87 that may 
be used as an interrupt input to a processor. 
The IRQ output remains low as long as the sta- 
tus bit causing the interrupt is present and the 


clear the IRQ pin the processor program normal- 
ly reads the C register. The RESET pin also 
clears pending interrupts. When no _ interrupt 
conditions are present, the IRQ level is in the 
high impedance state. Multiple interrupt_devices 
may be connected to an IRQ bus. The IRQ bus 
is an open drain output and requires an external 
pull-up resistor. 


RESET (Reset Input) - The RESET pin has no 
effect on the clock, calendar, or RAM. On power- 
up the RESET pin may be held low for a time in 
order to allow the power supply to stabilize. The 
amount of time that RESET is held low is de- 
pendent on the application. However, if RESET 
is used on power up, the time RESET is low 
should exceed 200 ms to make sure that the in- 
ternal timer which controls the MK48T87 on po- 
wer-up has timed out. When RESET is low and 
Vcc is above Vprp, the following occurs: 


A. Periodic Interrupt Enable (PIE) bit is cleared 
to zero. 


B. Alarm Interrupt Enable (AIE) bit is cleared to 
zero. 


C. Update Ended Interrupt Flag (UF) bit is clea- 
red to zero. 


D. Interrupt Request Status Flag (IRQF) bit is 
cleared to zero. 


E. Periodic Interrupt Flag (PF) bit is cleared to 
zero. 


F. The device is not accessible until RESET is 
returned high. 


G. Alarm Interrupt Flag (AF) bit is cleared to ze- 
ro. 


H. IRQ pin is in the high impedance state. 


I. Square Wave Output Enable (SQWE) bit is 
cleared to zero. 


J. Updated Ended Interrupt Is Cleared To Zero. 


In a typical application RESET may be connec- 
ted to Vcc. This connection will allow the 
MK48T87 to go in and out of power fail without 
affecting any of the control registers. 


corresponding interrupt- enable bit is set. To 
oe (7 SGS-THOMSON 
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ADDRESS MAP 


The Address Map of the MK48T87 is shown in 
Figure 2. The address map consists of 50 bytes 
of user RAM, 10 bytes of RAM which contain the 
RTC time, calendar and alarm data, and 4 bytes 
which are used for control and status. All 64 
bytes can be directly written or read except for 
the following: 


FIGURE 2 . ADDRESS MAP 


14 BYTES 


50 BYTES 


TIME, CALENDAR AND ALARM LOCATIONS 


The time and calendar information is obtained by 
reading the appropriate memory bytes. The time, 
calendar and alarm are set or initialized by wri- 
ting the appropriate RAM bytes. The contents of 
the ten time, calendar and alarm bytes may be 
either Binary or Binary-Coded (BCD) format. Be- 
fore writing the internal time, calendar, and alarm 
registers, the SET bit in Register B should be 
written to a Logic one to prevent updates from 
occuring while access is being attempted. In ad- 
dition to writing the ten time, calendar and alarm 
registers in a selected format (Binary or BCD), 
the data mode bit (DM) of Register B must be 
set to the appropriate logic level. All ten time, ca- 
lendar and alarm bytes must be used the same 
data mode. The set bit in Register B should be 
cleared after the data mode bit has been written 
to allow the Real Time Clock to update the time 
and calendar bytes. Once initialized, the Real 
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1. Registers C and D are read-only. 
2. Bit 7 of Register A is read-only. 


3. The high order bit of the seconds byte is read- 
only. 


The contents of four contro! registers (A,B,C,D) 
are described in the "Register" section. 


SECONDS 
SECONDS ALARM 
MINUTES 
MINUTES ALARM 
HOURS 
HOURS ALARM 
DAY OF WEEK 


DAY OF MONTH 


REGISTER A 
REGISTER B 


REGISTER C 


REGISTER D 


Time Clock makes all updates in the selected 
mode. The data mode cannot be changed wi- 
thout reinitializing the ten data bytes. Table 2 
shows the Binary and BCD formats of the ten 
time, calendar and alarm locations. The 24/12 bit 
cannot be changed without reinitializing the hour 
locations. When the 12-hour format is selected, 
the high order bit of the hours byte represents 
PM when it is a logic one. The time, calendar 
and alarm bytes are always accessible because 
they are double buffered. Once per second the 
ten bytes are advanced by one second and 
checked for an alarm condition. If a read of the 
time and calendar data occurs during an update, 
a problem exits that seconds, minutes, hours, 
etc., may not correlate. The probability of reading 
incorrect time and calendar data Is low. Several 
methods of avoiding any possible incorrect time 
and calendar reads are covered later in this text. 


4 SGS-THOMSON 
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TABLE 2.CALANDAR AND ALARM DATA MODES 


DECIMAL | =——SsRANGE——“‘#Y:SCOC' 
FUNCTION 


BINARY DATA 
RANGE 
a 
[swans atamia [00:80 | to =a | 0-60 
ie at 
ra ae 


ADDRESS 


LOCATION 


; 
7 


The three alarm bytes may be used in two ways. 
First, when the alarm time is written in the appro- 
priate hours, minutes and seconds alarm loca- 
tions, the alarm interrupt is initiated at the speci- 
fied time each day if the alarm enable bit is high. 
The second use condition is to insert a "don’t 
care" state in one or more of the three alarm 
bytes. The "don’t care" code is any hexadecimal 
value from CO to FF. The two most significant 
bits of each byte set the "don’t care" condition 
when at Logic 1. An alarm will be generated 
each hour when the "don’t care" bits are set in 
the hours byte. Similarly, an alarm is generated 
every minute with "don’t care” codes in the hours 
and minute alarm bytes. The "don’t care” codes 
in all three alarm bytes create an interrupt every 
second. 


NONVOLATILE RAM 


The 50 general purpose nonvolatile RAM bytes 
are not dedicated to any special function within 
the MK48T87. They can be used by the proces- 
sor program as nonvolatile memory and are fully 
available during the update cycle. 


INTERRUPTS 


The RTC plus RAM includes three separate, fully 
automatic sources of interrupt for a processor. 
The alarm interrupt may be programmed to occur 
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a MONTH 01 - 0C 01 - 12 
| og YEAR | 0-99 00 - 63 00 - 99 


at rates from once per second to once per day. 
The periodic interrupt may be selected for rates 
from 122 us to 500 ms. The update-ended inter- 
rupt may be used to indicate to the program that 
an update cycle is complete. Each of these inde- 
pendent interrupt conditions is described in grea- 
ter detail in other sections of this text. 


The processor program can select which inter- 
rupts, if any, are going to be used. Three bits in 
Register B enable the interrupts. Writing a Logic 
1 to an interrupt-enable bit permits that interrupt 
to be initiated when the event occurs. A "0" in an 
interrupt-enable bit prohibits the IRQ pin from 
being asserted from that interrupt condition. If an 
interrupt flag is already set when an interrupt is 
enabled, IRQ is immediately set at an active le- 
vel although the interrupt initiating the event may 
have occurred much earlier. As a result, there 
are cases where the program should clear such 
earlier initiated interrupts before first enabling 
new interrupts. 


When an interrupt event occurs, the relating flag 
bit is set to Logic 1 in Register C. These flag bits 
are set independent of the state of the corre- 
sponding enable bit in Register B. The flag bit 
can be used in a polling mode without enabling 
the corresponding enable bits. The interrupt flag 
bit is a status bit which software can interrogate 
as necessary. 
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When a flag is set, an indication is given to soft- 
ware that an interrupt event has occurred since 
the flag bit was last read; however, care should 
be taken when using the flag bits as they are 
cleared each time Register C is read. Double lat- 
ching is included with Register C so that bits 
which are set remain stable throughout the read 
cycle. All bits which are set (high) are cleared 
when read and new interrupts which are pending 
during the read cycle are held until after the cy- 
cle is completed. One, two or three bits may be 
set when reading Register C. Each utilized flag 
bit should be examined when read to insure that 
no interrupts are lost. 


The second flag bit usage method is with fully 
enabled interrupts. When an interrupt flag bit is 
set and the corresponding interrupt enable bit is 
also set, the IRQ pin is asserted low. IRQ is as- 
serted as long as at least one of the three inter- 
rupt sources has its flag and enable bits both set. 
The IRQF bit in Register C is a one whenever 
the IRQ pin is being driven low. Determination 
that the RTC initiated an interrupt is accomplis- 
hed by reading Register C. A logic one in Bit 7 
(IRQF bit) indicates that one or more interrupts 
have been initiated by the MK48T87. The act of 
reading Register C clears all active flag bits and 
the IRQF bit. 


OSCILLATOR CONTROL BITS 


When the MK48T87 is shipped from the factory, 
the internal oscillator is turned off. This feature 
prevents the lithium energy cell from being used 
until it is installed in system. A pattern of 010 in 
bits 4 through 6 of Register A will turn the oscilla- 
tor on and enable the countdown chain. A pat- 
tern of 11X will turn the oscillator on, but holds 
the countdown chain of the oscillator in reset. All 
other combinations of bits 4 through 6 keep the 
oscillator off. 


SQUARE WAVE OUTPUT SELECTION 


Thirteen of the 15 divider taps are made availa- 
ble to a 1-of-15 selector, as shown in the block 
diagram of Figure 1. The first purpose of selec- 
ting a divider tap is to generate a square wave 
output signal on the SQW pin. The RSO-RS3 bits 
in Register A establish the square wave output 
frequency. These frequencies are listed in Table 
1. The SQW frequency selection shares its 1-of- 
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15 selector with the periodic interrupt generator. 
Once the frequency is selected, the output of the 
SQW pin may be turned on and off under pro- 
gram control with the square wave enable bit 
(SQWE). 


PERIODIC INTERRUPT SELECTION 


The periodic interrupt will cause the IRQ pin to 
go to an active state from once every 500 ms to 
once every 122 us. This function is separate 
from the alarm interrupt which may be output 
from once per second to once per day. The peri- 
odic interrupt rate is selected using the same Re- 
gister A bits which select the square wave fre- 
quency (see Table 1). Changing the Register A 
bits affects both the square wave frequency and 
the periodic interrupt output. However, each func- 
tion has a separate enable bit in Register B. The 
SQWE bit controls the square wave output. Simi- 
larly, the periodic interrupt is enabled by the PIE 
bit in Register B. The periodic interrupt can be 
used with software counters to measure inputs, 
create output intervals, or await the next needed 
software function. 


UPDATE CYCLE 


The MK48T87 executes an update cycle once 
per second regardless of the set bit in Register 
B. When the SET bit in Register B is set to one, 
the user copy of the double buffered time, calen- 
dar and alarm bytes if frozen and will not update 
as the time increments. However, the time count- 
down chain continues to update the internal copy 
of the buffer. This feature allows time to maintain 
accuracy indep endent of reading or writing the 
time, calendar, and alarm buffers and also gua- 
rantees that time and calendar information are 
consistent. The update cycle also compares each 
alarm byte with the corresponding time byte and 
issues and alarm if a match or if a "don’t care" 
code is present in all three positions. 
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There are three methods which can be employed 
to handle access of the Real Time Clock which 
avoids any possibility of accessing inconsistent 
time and calendar data. The first method uses 
the update-ended interrupt. If enabled, an inter- 
rupt occurs after every update cycle which indi- 
cates that over 998 ms are available to read va- 
lid time and date information. If this interrupt is 
used, the IRQF bit in Register C should be clea- 
red before leaving the interrupt routine. 


A second method uses the update-in-progress bit 
(UIP) in Register A to determine if the update 
cycle is in progress. The UIP bit will pulse once 
per second. After the UIP bit goes high, the up- 
date transfer occurs 244 us later. If a low is read 


on the UIP bit, the user has at least 244 us be- 
fore the time/calendar data will be changed. The- 
refore, the user should avoid interrupt service 
routines that would cause the time needed to 
read valid time/calendar data to exceed 244 us. 


The third method uses a periodic interrupt to de- 
termine if an update cycle is in progress. The 
UIP bit in Register A is set high between the set- 
ting of the PF bit in Register C (see Figure 3). 
Periodic interrupts that occur at a rate of greater 
than tguc allow valid time and date information to 
be reached at each occurrence of the periodic 
interrupt. The reads should be complete within 
(Tpy2+tpuc) to insure that data is not read during 
the update cycle. 


FIGURE 3 . UPDATE ENDED AND PERIODIC INTERRUPT RELATIONSHIP 


UIP Bit in tuc 
Register A 


UF Bit in 
Register C 


— tye 


tpuc 


tye —4 


PF Bit in 
Register C 


p! = Periodic Interrupt Time Interval Per Table 1. 


tsuc = Delay Time Before Update Cycle = 244 us. 


tuc = 2 ms. 
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REGISTERS: 


REGISTER A 
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LSB 


MSB 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 


UIP 


The Update in Progress (UIP) bit is a status flag 
that can be monitored. When the UIP bit is one. 
the update transfer will soon occur. The UIP is a 
zero, the update transfer will not occur for at 
least 244 us. The time, calendar, and alarm infor- 
mation in RAM is fully available for access when 
the UIP bit is zero. The UIP bit is read only and 
is not affected by RESET. Writing the SET bit in 
Register B to a "1" inhibits any update transfer 
and clears the UIP status bit. 


DVO, DV1, DV2 


These three bits are used to turn the oscillator on 
or off and to reset the countdown chain. A pat- 
tern of 010 is the only combination of bits which 
will turn the oscillator on and allow the RTC to 
keep time. A pattern of 11X will enable the oscil- 
lator but holds the countdown chain in reset. The 


next update will occur at isecond after a pattern 
of 010 is written to DVO, DV1 and DV2. 


RS3, RS2, RS1, RSO 


These four rate-selection bits select one of the 
13 taps on the 15-stage divider or disable the 
divider output. The tap selected may be used to 
generate an output square wave (SQW pin) 
and/or a periodic interrupt. The user may do one 
of the following: 


1. Enable the interrupt with the PIE bit; 


2. Enable the SQW output pin with the SQWE 
bit; 


3. Enable both at the same time and the same 
rate; or 


4. Enable neither. 
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REGISTER B 


MSB LSB 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 0 
| set. | ple | ae S| Se | sQwe | om || 


SET 


When the SET bit is a zero, the update transfer 
functions normally by advancing the counts once 
per second. When the SET bit is written to a 
one, any update transfer is inhibited and the pro- 
gram may initialize the time and calendar bytes 
without an update occurring in the midst of initia- 
lizing. Read cycles can be executed in a similar 
manner. SET is a read/write bit which is not mo- 
dified by RESET or internal functions of the 
MK48T87. 


PIE 


The periodic interrupt enable PIE bit is a 
read/write bit which allows the Periodic Interrupt 
Flag (PF) bit in Register C to cause the IRQ pin 
to be driven low. When the PIE bit is set to one, 
periodic interrupts are generated by driving the 
IRQ pin low at a rate specified by the RS3 
through RSO bits of Register A. A zero in the PIE 
bit blocks the IRQ output from being driven by a 
periodic interrupt, but the Periodic Flag (PF) bit 
is still set at the periodic rate. PIE is not modified 
by any internal MK48T87 functions, but is clea- 
red to zero on RESET. 


AIE 


The Alarm Interrupt Enable (AIE) bit is a 
read/write bit which when set to a one permits 
the Alarm Flag (AF) bit in register C to assert 
IRQ. An alarm interrupt occurs for each second 
that the three time bytes equal the three alarm 
bytes including a "don’t care" alarm code of bi- 
nary 11XXXXXX. When the AIE bit is set to zero, 
the AF bit does not initiate the IRQ signal. The 
RESET pin clears AIE to zero. The internal func- 
tions of the MK48T87 do not affect the AIE bit. 


VIE 


The Update Ended Interrupt Enable (UIE) bit is a 
read/write bit which enables the Update End 
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Flag (UF) bit in Register C to assert IRQ. The 
RESET pin going low or the SET bit going high 
clears the UIE bit. 


SQWE 


When the Square Wave Enable (SQWE) bit is 
set to a one, a square wave signal at the fre- 
quency set by the rate-selection bits RS3 through 
RSO is driven out on the SQW pin. When the 
SQWE bit is set to zero, the SQW pin is held 
low; the state of SQWE is cleared by the RESET 
pin. SQWE is a read/write bit. 


DM 


The Data Mode (DM) bit indicates whether time 
and calendar information are in binary or BCD 
format. The DM bit is set by the program to the 
appropriate format and can be read as required. 
This bit is not modified by internal functions or 
RESET. A one in DM signifies binary data and a 
zero in DM specifies Binary Coded Decimal 
(BCD) data. 


24/12 


The 24/12 control bit establishes the format of 
the hours byte. A one indicates the 24-hour 
mode and a zero indicates the 12-hour mode. 
This bit is a read/write and is not affected by in- 
ternal functions or RESET. 


DSE 


The Daylight Savings Enable (DSE) bit is a 
read/write bit which enables two special updates 
when DSE is set to one. On the first Sunday in 
April the time increments from 1:59:59 AM to 
3:00:00 AM. On the last Sunday in October 
when the time first reaches 1:59:59 AM it 
changes to 1:00:00 AM. These special updates 
do not occur when the DSE bit is a zero. This 
bit is not affected by internal functions or RESET. 
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REGISTER C 
MSB 


BIT 7 BIT 6 BIT 5 BIT 4 


BIT 3 BIT 2 BIT 1 
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LSB 
BIT 0 


(ROF 


IRQF 


The Interrupt Request Flag (IRQF) bit is set to a 
one when one or more of the following are true: 


PF=PIE=1 
AF=AIE=1 
UF=UIE=1 
i.¢.,IRQF=PFePIE+AF*AIE+UF*UIE 


Any time the IRQF bit is a one the IRQ pin is 
driven low. All flag bits are cleared after Register 
C is read by the program or when the RESET 
pin is low. 


PF 


The Periodic Interrupt Flag (PF) is a read-only bit 
which is set to a one when an edge is detected 
on the selected tap of the divider chain. The RS3 
through RSO bits establish the periodic rate. PF 
is set to a one independent of the state of the 
PIE bit. When both PF and PIE are one, the IRQ 
signal is active and will set the IRQF bit. The PF 


REGISTER D 


bit is cleared by a RESET or a software read of 
Register C. 


AF 


A one in the AF (Alarm Interrupt Flag) bit indi- 
cates that the current time has matched the 
alarm time. If the AIE bit is also a one, the IRQ 
pin will go low and a one will appear in the IRQF 
bit. A RESET or a read of Register C will clear 
AF. 


UF 


The Update Ended Interrupt Flag (UF) bit is set 
after each update cycle. When the UIE bit is set 
to one, the one in the UF bit causes the IRQF bit 
to be a one which will assert the IRQ pin. UF is 
cleared by reading Register C or a RESET. 


BIT 0 THROUGH BIT 3 


These are unused bits of the status Register C. 
These bits always read zero and cannot be writ- 
ten. 


MSB LSB 
BIT 7 BIT 6 BIT 5 BIT 3 
pe Men S| 220 il 2 ms 0 ee 


VRT 


The Valid RAM and Time (VRT) bit is set to the 
one state by SGS-THOMSON prior to shipment. 
This bit is not writable and should always be a 
one when read. If a zero is ever present, an ex- 
hausted internal lithium energy source is indica- 
ted and both the contents of the RTC data and 
RAM data are questionable. This bit is unaffected 
by RESET. 
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BIT 6 THROUGH BIT 0 


The remaining bits of Register D are not usable. 
They cannot be written and when read, they will 
always read zero. 
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MK48T87(B) 


ABSOLUTE MAXIMUM RATING* 


vf. 
Total Device Power Dissipation 


* Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanrnt damage to the device. This is a 
stress rating only and functional operation of the device at these or any conditions beyond those indicated in the operational 
section of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may af- 
fect reliability. 


RECOMENDED DC OPERATIONING CONDITIONS (0°C <TA< 70°C) 


PARAMETER _ win | max | uns | NoTes 

Supply Voltage | STS 
Eee aa 
| 


V 
supply Voltage ae a a 
Logic "1" Voltage Alll Inputs i Vec+o3 | veo || 


Output Leakage Current aa 


Vou __ [Output Logic "1" Voltage (lour=1.0 mA) 


CAPACITANCE (TA = 25°C) 


SYMBOL PARAMETER 


Capacitance on All Pins (Except DQ 
Capacitance on DQ Pins 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C, Vcc = 4.5V to 5.5 V) 


ot 
953 | D.C. 
[4 _|inputRiseandFallTime =| te | 
R/W Set-up Time Before DS/E | taws | 80 | 
pee PR 
| 15 _|ChipSelectHoldTime = sd| tc S| 

ee 
| 21 |WriteDataHoldTime Tt S| 


[Muxed Address Valid Time toAS/ALE Fall |_stasu_—|50_ 
[Muxed Address Hold Time | tw | 20 
[Delay Time DS/E to AS/ALEFall | taso | 50 
|Output Data Delay Time From DS/EorRD_—|_toon_| 20 | 240 
200 
: 
IRQReleasefromDS ts S| | 
IRQ Release fromRESET || 


oO 
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FIGURE 4 . BUS TIMING FOR MOTOROLA INTERFACE 
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FIGURE 5. BUS TIMING FOR INTEL INTERFACE READ CYCLE 
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FIGURE 6. BUS TIMING FOR INTEL INTERFACE WRITE CYCLE 
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MK48T87(B) 


FIGURE 7 . IRQ RELEASE TIMING 


FIGURE 8 . OUTPUT LOAD NOTES: 


1. All voltages are referenced to ground. 

2. All outputs are open. 

3. The MOT pin has an internal pull-down of 20K 

4. Applies to the ADO-AD7 pins, the IRQ pin and the SQW 
pin when each is in the high impedance state. 

5. The IRQ pin is open drain. 

6. Measured with a load as shown in Figure 8. 


DEVICE 


UNDER 
TEST 
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FIGURE 9. POWER-UP / POWER-DOWN CONDITIONS 


DATA RETENTION TIME 
tor 


AC ELECTRICAL CHARACTERISTICS (POWER-UP/DOWN TIMING) (0°C < Ta < +70°C) 


| sympo. [PARAMETER |S MIN | ax_| units | NoTEs | 
| to [EorWat Vm BeforePowerDown | | ts | 
| te Verto VsoVecFallTime | | sf 
Vso to Vero Voc Rise Time | io | | os | 


sYMBOL_|PARAMETER | MIN 
Power-fail Deselect Voltage eo 
Battery Back-up Switchover Voltage ae 
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FIGURE 10 . PACKAGE DESCRIPTION 24 PIN "B" PACKAGE 


Wy aie a 


11 EQUAL SPACES a == | 


100 O0100(TNA) 


INCHES 


NOTES 


1, OVERALL LENGTH INCLUDES FLASH 
AND PROJECTIONS ON EITHER END 
OF PACKAGE 


2 PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS 


3 THE MAXIMUM LIMIT SHALL BE 
INCREASED BY 003 IN WHEN 
SOLDER LEAD FINISH IS SPECIFIED 


fy, SGS-THOMSON — 
ST icRoELecTRONICS 
429 


SGS-THOMSON MK48Z02/12(B) 
IT MICROELECTRONICS 12/15/20/25 


2K x 8 ZEROPOWER™ RAM. 


a PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C 


= DATA RETENTION IN THE ABSENCE OF 
POWER 


=m DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 


B 
a +5 VOLT ONLY READ/WRITE DIP-24 
(Plastic with Battery Top Hat) 
a CONVENTIONAL SRAM WRITE CYCLES 
= FULL CMOS-440 mW ACTIVE; 5.5 mW STANDBY 


mu 24-PIN DUAL IN LINE PACKAGE, JEDEC : 
PINOUTS FIGURE 1. PIN CONNECTIONS 


a READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 


a LOW-BATTERY WARNING 


=» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE 
MK48Z12 4.50V = VpFp > 4.20V 


rwrasaeee | 1000 
Pwkaszxas | 160 ne 
rkaazx2-20 | 200 8 
PwKaazxe-25 | 250 ne 


TRUTH eT STEW 


pee LE LS cs — High-Z 
Vit ‘ Vit 

>Voco (Min)| Vic | Vir | Vin | Read 
= ~ = Read i 


<Vpep (Min) Power-Fail | High 
>Vso Deselect 


> 
o oN 
PS 
° 


> > > 
oi 
> 
oo 


| 


> > YP SP 
= ww 
mi> © 


°o 


wo 
oo nn oOo O88 &® WO ND = 


oOo C9 
Oo 
=" 0 
4 
(i=) 


=] 
© 
nN 
= 
ary 


= 
Ls 


<Voc (Max) 
PIN NAMES 


- Aig Address Inputs | V,,System Power (+5 V) 
Chip Enable W Write Enable 


DQ,—DQ, Data In/Data Out 


<Vso Battery 
Back-up 
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DESCRIPTION 


The MK48Z02/12 is a 16,384-bit, Non-Volatile Stat- 
ic RAM, organized 2K x 8 using CMOS and an in- 
tegral Lithium energy source. The ZEROPOWER™ 
RAM has the characteristics of a CMOS static RAM, 
with the important added benefit of data being 
retained in the absence of power. Data retention cur- 
rent is so small that a miniature Lithium cell con- 
tained within the package provides an energy 
source to preserve data. Low current drain has been 
attained by the use of a full CMOS memory cell, 
novel analog support circuitry, and carefully con- 
trolled junction leakage by an all implanted CMOS 


FIGURE 2. BLOCK DIAGRAM 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


2/11 
432 


process. Safeguards against inadvertent data loss 
have been incorporated to maintain data integrity 
in the uncertain operating environment associated 
with power-up and power-down transients. The 
ZEROPOWER RAM can replace existing 2K x 8 
static RAM, directly conforming to the popular Byte 
Wide 24-pin DIP package (JEDEC). MK48Z02/12 
also matches the pinning of 2716 EPROM and 2K 
x 8 EEPROM. Like other static RAMs, there is no 
limit to the number of write cycles that can be per- 
formed. Since the access time, read cycle, and write 
cycle are less than 250 ns and require only +5 volts, 
no additional support circuitry is needed for inter- 
face to a microprocessor. 


ky SGS“THOMSON 


OPERATION 
Read Mode 


The MK48Z02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,384 locations in the static storage array. Thus, 
the unique address specified by the 11 Address In- 
puts (A,) defines which one of 2,048 bytes of data 
is to be accessed. 


FIGURE 3. READ-READ-WRITE TIMING 


MK48Z02/12(B)-12/15/20/25 


Valid data will be available to the eight data Output 
Drivers within ta, after the last address input sig- 
nal is stable, providing that the E and G access 
times are satisfied. If E or G access times are not 
met, data access will be measured from the limit- 
ing parameter (toe, Or toga), rather than the ad- 
dress. The state of the eight Data I/O signals is 
controlled by the E and G control signals. The data 
lines may be in an indeterminate state between to, 
and taa, but the data lines will always have valid 
data at tan. 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 


(0°C <T,<70°C) (Voc (Max) =Voc=Vec (Min) 


SYM | PARAMETER 


: 
address Access Time | 
cen Chip Enable Access Tme |__| 
toe Output Enable Access Time | 
=| Chip Enabie Hite HighZ | 

ito High | _ 


> 


-- ~~ 


—s 
NO 
oO 


Output Enable Hi to High-Z 
Valid Data Out Hold Time 


~-> 


Kan 2 | RARE | NGRZKD20 | WRARDRD 
rm [max | mm [nx | am [wax | uns | wovs 
rao0| | 250 


_ 
© 


st fe] 


NOTE 
1. Measured using the Output Load Diagram shown in Figure 8. 
ITI SGS-THOMSON 3/11 
7. imcRozrecrromes 


433 


MK48Z02/12(B)-12/15/20/25 


WRITE MODE 


The MK48Z02/12 is in Write Mode whenever the W 
and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either Wor E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
for a minimum of twp prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for tps prior to the End of Write and remain valid 
for tp afterward. 


FIGURE 4. WRITE-WRITE-READ TIMING 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high dur- 
ing power-up to protect memory after Voc reaches 
Vec (min) but before the processor stablizes. 


The MK48Z02/12 G input is a DON’T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implemented. A low on W will disa- 
ble the outputs twez after W falls. Take care to 
avoid ‘ie contention when operating with two-wire 
control. 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 
(0°C <T,=70°C) (Voc (Max) =Voc =Voec (Min)) : 


PARAMETER 


Write Cycle Time 120 


Write Enable to End of Write} 75 
Write Recovery Time 


Tos [Data Soup Time | a5 | 
‘on [DataHolg Time [0 | [0] 
vez] Wet Enable Low to Highz |_| 40 |_| 50 | 
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DATA RETENTION MODE 


With Veco applied, the MK48Z02/12 operates as a 
conventional BYTEWIDE static ram. However, Voc 
is being constantly monitored. Should the supply 
voltage decay, the RAM will automatically power- 
fail deselect, write protecting itself when Vcc falls 
within the Vprp (max), Vpep (min) window. The 
MK48Z02 has a Vpep (Max) -Vprp (min) window of 
4.75 volts to 4.5 volts, providing very high data secu- 
rity, particularly when all of the other system com- 
ponents are specified to 5.0 volts plus and minus 
10%. The MK48Z12 has a Vpep (max) -Vpep (min) 
window of 4.5 volts to 4.2 volts, allowing users con- 
strained to a 10% power supply specification to use 
the device. 


Note: A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM'’s content. At voltages 
below Vprp (min), the user can be assured the 
memory will be in a write protected state, provided 


MK482Z02/12(B)-12/15/20/25 


POWER-UP 


READ DATA 
AT ANY 
ADDRESS 


WRITE 
COMPLIMENT 
DATA BACK 
TO SAME 
ADDRESS 


FIGURE 5. CHECKING THE BOK FLAG STATUS 


the Voc fall time does not exceed te. The 
MK48Z02/12 may respond to transient noise spikes 
that reach into the deselect window if they should 
occur during the time the device is sampling Vcc. 


Therefore decoupling of power supply lines is Oe eae 
recommended. ADDRESS 


AGAIN 
The power switching circuit connects external Voc 
to the RAM and disconnects the battery when Voc 
rises above Vgo. AS Vcc rises the battery voltage 


is checked. If the voltage is too low, an internal Bat- ee Por eee a si TiEy SveTEN 
tery Not OK (BOK) flag will be set. The BOK flag COMPLIMENT OF LOW 

can be checked after power up. If the BOK flag is BATTERY (DATA MAY 
set, the first write attempted will be blocked. The BE CORRUPTED) 
flag is automatically cleared after first write, and nor- 

mal RAM operation resumes. Figure 5 illustrates (BATTERY OK) 

how a BOK check routine could be structured. 

Normal RAM operation can resume tpec after Vog WRITE ORIGINAL 

exceeds Vpep (Max). Caution should be taken to ree aocanee 


keep E or W high as Voc rises past Vpgp (Min) as 
some systems may perform inadvertent write cycles 
after Voc rises but before normal system operation 


begins. 
CONTINUE 
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FIGURE 6. POWER-DOWN/POWER-UP TIMING 


Vec 
Vogp (MAX) — — 
Vorp (MIN) — — 


DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 


(0°C <T,=+70°C) 
Ctve [MAX [UNITS [NOTES 


VPFD 


VPFD 


AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(0°C<T,<+70°C) 


[sr [PARAMETER SY 
Teo | EorWat Vy bebe Power bom 
Vprp (Max) to Vpep (Min) Vgg Fall Time cS ae 
Vprp (Min) to Vso Veg Fall Time | to || 
tao en ia 
aa a a 

2 | 


ss 
r 


NOTES: 

1. All voltages referenced to GND. 

2. VPFp (Max) to VpFp (Min) fall times of less te may result in deselection/write 
protection not occurring until 50 ys after Voc passes VpfFpo (Min). VpFp 
(Max) to (Min) fall times of less than 10 ps may cause corruption of RAM data. 

3. VPFp (Min) to Vgc fall times of less than teg may cause corruption of RAM 
data. 


| s_| 
pms 


CAUTION 
Negative undershoots below —0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
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DATA RETENTION TIME 
About Figure 7 


Figure 7 illustrates how expected MK48Z02/12 bat- 
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtual- 
ly independent of the percentage of time the 
MK48Z02/12 spends in battery back-up mode. 


Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-TTHOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view 
of the fact that no random cell failures have been 
recorded in any of SGS-THOMSON’s ongoing bat- 
tery testing since it began in 1982, we believe the 
likelihood of such failure mechanisms surfacing is 
extremely poor. For the purpose of this testing, a 
cell failure is defined as the inability of a cell stabi- 
lized at 25°C to produce a 2.0 volt closed-circuit vol- 
tage across a 250K ohm load resistance. 


A Special Note: The summary presented in 
Figure 7 represents a conservative analysis of 
the data presently available. While SGS- 
THOMSON is most likely in possession of the 
largest collection of battery life data of this kind 
in the world, the results presented should not 
be considered absolute or final; they can be ex- 
pected to change as yet more data becomes 
available. We believe that future read-points of 
life tests presently under way and improvements 
in the battery technology itself will result in a con- 
tinuing improvement of these figures. 


Predicted Battery Life = 


MK48Z02/12(B)-12/15/20/25 


Two end of life curves are presented in Figure 7. 
They are labeled “Average (tso,)"" and “(tyo,)”’ 
These terms relate to the probability that a given 
number of failures will have accumulated by a par- 
ticular point in time. If, for example, expected life 
at 70°C is at issue, Figure 7 indicates that a partic- 
ular MK48Z02/12 has a 1% chance of having a bat- 
tery failure 11 years into its life and a 50% chance 
of failure at the 20 year mark. Conversely, given a 
sample of devices, 1% of them can be expected to 
experience battery failure within 11 years; 50% of 
them can be expected to fail within 20 years. 


The t,., figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case anal- 
ysis. The tego, figure represents “normal” or “aver- 
age’”’ life. It is, therefore, accurate to say that the 
average device will last “tego,” 


Battery life is defined as beginning on the date of 
manufacture. Each MK48Z02/12 is marked with a 
four digit manufacturing date code in the form 
YYWW (Example: 8502 = 1985, week 2). 


Calculating Predicted Battery Life 


As Figure 7 indicates, the predicted life of the bat- 
tery in the MK48Z02/12 is a function of temperature. 
The back-up current required by the memory matrix 
in the MK48Z02/12 is so low that it has negligible 
influence on battery life. 


Because predicted battery life is dependent upon ap- 
plication controlled variables, only the user can es- 
timate predicted battery life in a given design. As long 
as ambient temperature is held reasonably constant, 
expected life can be read directly from Figure 7. if 
the MK48Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following equa- 
tions should be used to estimate battery life. 


1 


[(TA,/TT)/BL,)]+[(TAg/TT)/BL ]+... +[(TA,/TT)/BL,)] 


Where TA,, TAs, TA, = Time at Ambient Temperature 1, 2, etc. 
, TT = Total Time = TA,+ TA, +...+ TA, 
BL,, BLz, BL, = Predicted Battery Lifetime at Temp 1, Temp 2, etc. (see Figure 7). 


EXAMPLE PREDICTED BATTERY LIFE CALCULATION 


A cash register/terminal operates in an environment 
where the MK48Z02/12 is exposed to temperatures 


of 30°C (86°F) or less for 3066 hrs/yr; temperatures 
greater than 25°C, but less than 40°C (104°F), for 
5256 hrs/yr; and temperatures greater than 40°C, 
shel than 70°C (158°F), for the remaining 438 
hrs/yr. 


Reading predicted typical life values from Figure 7; BL, = 456 yrs., BLp = 175 yrs., BL = 11.4 yrs. 


Total Time (TT) = 8760 hrs./yr. 
Predicted Typical Battery Life = 


TA, = 3066 hrs./yr. 


TAz =5256 hrs./yr. 
1 


TA; = 438 hrs./yr. 


[(3066/8760)/456]+[(5256/8760)/175] +[(438/8760)/11.4] 
= 116.5 yrs. 


me 
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FIGURE 7. MK48Z02/12 PREDICTED BATTERY STORAGE LIFE VS TEMPERATURE 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage On Any Pin Relative To GND..... 2.0... 0... cee cee eee eee —0.3 V to +70 V 
Ambient Operating (Vcc On) Temperature (Tp)... 6... cee eee eee 0°C to +70°C 
Ambient Storage (Voc Off) Temperature. ... 0... eee ee ee —40°C to +85°C 
Total Device Power Dissipation... ....... 0... ccc ccc eee eee een e net enneaes 1 Watt 
Output: Current. Por Piteictsu cae ase es hen en the es Chanda Seeker k aoe ee hee 20 mA 


*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods of time may affect reliability. 


CAUTION: Under no conditions can the “Absolute Maximum Rating” for the voltage on any pin be exceeded since 
it will cause permanent damage. Specifically, do not perform the “standard” continuity test on any input or output pin, 
i.e do not force these pins below —0.3 V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C<T,<70°C) 


Supply Voltage (MK48Z12) 


Vin Logic ‘1” Voltage All Inputs 


2 


Vit Logic “0” Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(0 °C =Ta =+70 °C) (Voc (max) = Voc =Voc (min)) 


SYM PARAMETER 
Average Voc Power Supply Current 
TTL Standby Current (E = Vj) 


450 

[end [Supply votage —SSSCSC=~idCi 
Cv 

an 


CAPACITANCE (T, = 25°C) 


Capacitance on all pins (except D/Q) | 7pF | 5 | 
Capacitance on D/Q pins 45 


NOTES 

1. All voltages referenced to GND. 

2. Negative spikes of —1.0 volts allowed for up to 10 ns once per cycle. 

3. |[Cc1 Measured with outputs open. 

4. Measured with GND<V|<Vcc and outputs deselected. 

5. Effective capacitance calculated from the equation C = IAt with AV = 3 


volts and power supply at nominal level. AV 
(v7 SGS-THOMSON — CT 
VF. incRostecrRomics 
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AC TEST CONDITIONS FIGURE 8. OUTPUT LOAD DIAGRAM 
Input Levels: 0.6 V to2.4V 
Transition Times: 5 ns 
Input and Output Timing 
Reference Levels 08 Vor2.2V 
Ambient Temperature 0°C to 70°C 


DEVICE 
UNDER 
TEST 


(INCLUDING SCOPE AND JIG) 


ORDERING INFORMATION 


MK48Z X 2 B -XX 

DEVICE Voc RANGE PACKAGE SPEED 

FAMILY 
-12 120 NS ACCESS TIME 
-15 150 NS ACCESS TIME 
-20 200 NS ACCESS TIME 
-25 250 NS ACCESS TIME 
B PLASTIC WITH BATTERY 

TOP HAT 

0 +10%/-—5% 
1 +10%/—10% 

10/11 fi 
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PACKAGE DESCRIPTION 
B PACKAGE 24 PIN 


D 
24 


24 PIN 
- PLASTIC 

D.LP. 

ONLY 


11 EQUAL SPACES 


AT .100+.010 (TNA) 


NOTES: 

1, Overall length includes .010 in. flash on either end of the package 

2. Package standoff to be measured per JEDEC requirements 

3 Measured from centerline to centerline at lead tips 

4. When the solder lead finish 1s specified, the maximum limit shall be in- 
creased by 003 in. 7 


G7 SGS-THOMSON 1/11 
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fz, SGS-THOMSON = MK48Z08/18/09/19(B) 
JF, WiCROELECTRONICS -55/70/10/15/20 


8 K X 8 ZEROPOWER™ SRAM 


FEATURES 

= INTEGRATED ULTRA LOW POWER SRAM, 6 
POWER-FAIL CONTROL CIRCUIT AND BAT- DIP-28 
TERY. 


@ UNLIMITED WRITE-CYCLES. 


™ READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


™ PREDICTED WORST CASE BATTERY LIFE 
OF 11 YEARS @ 70°C. . 


™ PIN AND FUNCTION COMPATIBLE WITH JE- 
DEC STANDARD 8K X 8 SRAMS. 


™ AUTOMATIC POWER-FAIL CHIP DES- 
ELECT/WRITE PROTECTION. 


B CHOICE OF TWO WRITE PROTECT VOL- 
MK48Z08/ 
TAGES MK48Z18 
MK48Z08/09 - 4.50V <Vpep < 4.75 
MK48Z18/19 - 4.20V < Vprp < 4.50. 


DESCRIPTION 


Pweeness [soe | sore 
Pmisszoc20 | atone 


PIN NAMES aa. 


AQ-A12 Address Input | Vcc +5Volts 
Et Chip Enable |W Write Enable 
G 


E2 Chip Enable Output Enable 
GND Ground DQ0-DQ7_ Data In/Data Out 
NC No Connection | INT Power Fail Interrupt 


October 1989 1/13 
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DESCRIPTION 


The MK48Z08/18/09/19 combines an 8K x 8 full 
CMOS SRAM and a long life lithium carbon mono- 
fluoride battery in a single plastic DIP package. The 
MK48Z08/18/09/19 is a nonvolatile pin and function 
equivalent to any JEDEC standard 8K x 8 SRAM. It 
also easily fits into many EPROM and EEPROM 
sockets, providing the non-volatility of the PROMs 
without any requirement for special write timing, or 


FIGURE 1 : MK48Z08 BLOCK DIAGRAM 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


Vit 
Vin 
> Vso 


TRUTH TABLE (MK48Z09/19) 


< Vprp(MIn) 
> Vso 


NOTE 1 : Refer to Figure 2 


2/13 


Pee | UE CUT CG] |e || | POWER | 
Vin 
| Me |X rite =| Dy | Active 
| 
| Vm | a | Read =| HighZ | Active 
Standby 


limitations on the number of writes that can be 
performed. 


In addition, the MK48Z08/18/09/19 has its own 
Power-fail Detect circuit. The circuit deselects the 
device whenever Vcc is below tolerance, providing 
a high degree of data security in the midst of 
unpredictable system operations brought on by 
low Vcc. 


INT (MK48Z09/19 ONLY) 


A0-A12 


DQ0-DQ7 


(MK48Z09/19 ONLY) 


Vii 


Battery 
Back-up 


| MODE | ba__| POWER | 
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FIGURE 2: POWER DOWN/POWER UP TIMING. 


~—elt 


INT 
(MK48Z09/19 ONLY) t PEX 


ALL INPUTS RECOGNIZED DON'T CARE <| RECOGNIZED 


ALL VALID OUTPUTS <| VALID (PER 
(PER CONTROL INPUTS) CONTROL INPUT) 


REFERENCE : 


Inputs may not be recognized at this time. Caution should be taken to keep E: high or Ez low as VCC rises past VSO. Some system may 
performs inadvernant write cycles after Vcc rises above normal system operations begins. Even though a power on reset is being applied to 
the processor a reset condition may not occur until after the system clock is running. 


AC ELECTRICAL CHARACTERISTICS ( POWER-UP/DOWN TIMING ) (0°C < Ta < + 70°C) 


SYMBOL [PARAMETER | MIN, 
to [EorWatViibeforePowerDown | 
| os | 
i 1 
i 


— 


E1 or Wat Vin or Ez at Vit after Power Up It, in 
INT Low to Auto Deselect | 10s 
Vero (Max) to INT High 


| VALUE 
SYMBOL |PARAMETER | MAX | UNITS | NOTES 


| MIN | TYP 
4.6 
4.3 | V 
[Battery Back-up Switchover Voltage | =| 30 | | v | a4 || 
| | ears | 


| MAX | 

tp nee ed ae 
oe as 

tea [Veep (Min)toVsoVccFallTime ss || —s t0—s|| | ls S| 
ta [VsotoVerp(Max)VecRiseTme = || = 1 | | ls S| sd 
W a ee [ee ee 

ee Rl 

3 ae ee 


-- 


4 


NOTES : 
1. All voltages referenced to GND. 


2. Veep (MAX) to Verp MIN fall time of less than tie may result in deselection/write be pnel not occuring until 200 is after Vcc passes Verp 
(MIN). Vero (MAX) to (MIN) fall times of less than 10 jis may cause corruption of RAM data. 


3.Verp (MIN) to Vso fall time of less than tes may cause corruption of RAM data. 
4. INT may go high anytime after Vcc exceeds Vso and is guaranteed to go high tern after Vcc exceeds Very (MAX). 
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READ MODE 


The MK48Z08/18/09/19 is in the Read Mode when- 
ever W (Write Enable) is high, Ei is low, and Eo is 
high (MK48Z09/19). The device architecture allows 
ripple-through access of data from eight of 65,536 
locations in the static storage array. Thus, the unique 
address specified by the 13 Address inputs defines 
which one of the 8,192 bytes of data is to be acces- 
sed. Valid data will be available at the Data I/O 
pins within tavav after the last address input signal 
is stable, providing that the Chip Enable and G 
access times are satisfied. 


If Chip Enable or G access times are not yet met, 
valid data will be available at the latter of Chip 
Enable Access Time (teLav) or at Output Enable 
Access Time (tatav). The state of the eight three- 
state_Data I/O signals is controlled by Chip Enable 
and G. If the Outputs are activated before tavav, 
the data lines will be driven to an indeterminate 
state until tavav. If the Address inputs are changed 
while Chip Enable and G remain low, output data 
will remain valid for Output Hold from Address 
(taxax) but will go indeterminate until the next 
Address Access. 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE) (0°C < Ta< +70°C ( Vec (min) < Vec < Vec( max)) 


SYMBOL {PARAMETER 


Chip Enable 1 to Q Low-Z 
Chip Enable 2 to Q Low-Z 


48ZXX 
10 
10 


Address Access Time 


Z 
Ouput Enable Access Time 
Chip Enable 1 to Q High-Z 
Chip Enable 2 to Q High-Z 
Output Disable to QHigh-Z 


SYMBOL |PARAMETER 


Read Cycle Time 
Address Access Time 


i 
Chip Enable 2 Access Time 


Output Disable to Q High-Z 
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FIGURE 3 : READ TIMING N°.1 (ADDRESS ACCESS) 
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FIGURE 4 : READ TIMING N°.2 
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WRITE MODE E2 low for minimum of te1HAx or te2Lax prior to the 


The MK48Z08/18/09/19 is in the Write Mode when- _mitiation of another read or write cycle. Data-in 
ever Write Enable and Chip Enable are active. The ust be valid tovex prior to the end of write and 


of a write is referen he latter occurring "eMainvalid for twupx afterward. Be- 
falling ane ey Ww i ae pit oapaaee Ee cause G is a Don’t Care in the Write Mode and a low 


(MK48Z09/19). Awriteis terminated by the earlier 09 W will return the outputs to High-Z, G can be tied 
rising edge of W or E or the falling edge of Ez low and two-wire RAM control can be implemented. 


(MK48Z09/19). The addresses must be held valid 4 low on W will disable the outputs twiaz after W 
throughout the cycle. Ey or W must return high or falls. Take care to avoid bus contention when ope- 
rating with two-wire control. 


AC ELECTRICAL CHARACTERISTICS( WRITE CYCLE)( 0°C < Ta< +70°C ( Vcc (min) < Vecs Vec(max)) 


, 48ZXX- 
55/70/10/15/20 
SYMBOL |PARAMETER 


tavw. _ | Address Set-Up Time to W Low 
Address Set-Up Time 
to ChipEnable Active 

AVE2H 
Write Recovery from Chip Enable 
( Address Hold Time ) 


ns 
Chip Enable Active to 
End of Write (W High) 


48ZXX-10 48ZXX-15 
SYMBOL | PARAMETER MIN | 


aan [wax |_| wax [uns [wore 


| 

| ae 
| i 
| i 
| ae 
| 
| 


ee eS 
ae ie ee ee ee 
ae ae 
ae er es 
2 
2 
12 


be 
NOTE | 


10 


=i 
(en) 


eo] 
fd 
48ZXX-20 fr ad 


UNITS | NOTE 


i 
a 
Le 
ns | 1 
eee 
a 


WriteCycle Time 100 150 200 
tavwH | Address Valid to W High 130 
Write Pulse Width 400 


Address Hold after End of Write 1 


Chip Enable Active to 

End of Write (W High) 
E2HE2L 

Data Valid to End of Write 

W Low to Q High-Z 


NOTES :1.InaW Controlled Cycle / 2. In a E1, E2 Controlled Cycle 


(o>) 


0 


—. 
© 
fo) 


ol, mi, hk, 
oOololrin 


6/13 


= 57, $ES-THOMSON 


MK48Z08/18/09/19(B)-55/70/10/15/20 


FIGURE 5: WRITE CONTROL WRITE CYCLE TIMING 


FIGURE 6: CHIP ENABLE CONTROL WRITE CYCLE TIMING 


ADDRESS 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z08/18/09/19 operates 
as a conventional BYTEWIDE static RAM. Should 
the supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself wnen Vcc 
falls within the Vprp(max), Verp(min) window. 


Note: A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At 
voltages below Vprp(min), the user can be assured 
the memory will be in a write protected state, provi- 
ded the Vcc fall time is not less than tr. The 
MK48Z08/18/09/19 may respond to transient noise 
spikes that reach into the deselect window if this 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of the power supply 
lines is recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. Normal RAM operation can re- 
sume trec after Vcc exceeds Vprp(max). Caution 
should be taken to keep Ei high (MK48Z08/18) or 
Eo low (MK48Z09/19) as Vcc rises past Vso as 
some systems may perform inadvertant write cy- 
cles after Vcc rises but before normal system ope- 
ration begins. 


POWER FAIL INTERRUPT 


The MK48Z09/19 continuously monitors Vcc. When 
Vcc fall to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediatly generated. 
An internal clock provides a delay no less than 10uS 
but no greater than 40uS before automatically des- 
electing the MK48Z09/19. 


PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the 
MK48Z08/18/09/19 is expected to ultimately come 
to an end for one of two reasons: either because it 
has been discharged while providing current to an 
external load; or because the effects of aging ren- 
der the cell useless before it can actually be dis- 
charged. Fortunately, these two effects are virtually 
unrelated, allowing discharge, or Capacity 
Consumption, and the effects of aging, or Storage 
Life, to be treated as two independent but simulta- 
neous mechanisms, the earlier of which defines 
Back-up System life. 


With Vcc on, the battery is disconnected from the 
RAM and aging effects become the determining 
factor in battery life. With Vcc off, leakage currents 
in the RAM provide the only load on the Battery 
during battery back-up. For the MK48Z08/18/09/19, 
the leakage currents are so low that the Back-up 
System life of the device is simply the Storage Life 
of the cell. The Storage Life of the cell is a function 
of temperature. 


8/13 


PREDICTING STORAGE LIFE 


Figure 7 illustrates how temperature affects Storage 
Life of the MK48Z08/18/09/19 battery. The life of the 
battery is controlled by temperature andis virtually 
unaffected by leakage currents drawn by the 
MK48Z08/18/09/19. 


Storage Life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera- 
ture accelerated testing cannot identify non-tempe- 
rature dependent failure mechanisms. However, in 
view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON’s on 
going battery testing since it began in 1982, we 
believe the chance of such failure mechanisms sur- 
facing is extremely small. For the purpose of the 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25°C to produce a 2.4 volt closed- 
circuit voltage across a 250K load resistance. 


A Special Note: The summary presented in Figure 
8 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of bat- 
tery life data of this kind in the world, the results 
presented should not be considered absolute or 
final; they can be expected to change as yet more 
data becomes available. We believe that future 
read points of life test presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 7. The 
are labeled "Average" (ts0%) and (ti%). These terms 
relate to the probability that a given number of 
failures will have accumulated by a particular point 
in time. lf, for example, expected life at 70°C is 
at issue, Figure 7 indicates that a particular 
MK48Z08/1 8/09/19 has a1% chance of having a 
battery failure 11 years into its life anda 50% chance 
of failure at the 20 year mark. Conversely, given a 
sample of devices, 1% of them can be expected to 
experience a battery failure within 11 years; 50% 
of them can be expected to experience a failure 
within 20 years. 

The ti% figure represents the practical onset of wear 
out, and is therefore suitable for use in what would 
normally be thought of as a worst-case analysis. 
The tso% figure represents "normal" or "average" 
life. It is, therefore, accurate to say that the average 
device will last "tsox”. 


Battery life is defined as beginning at the date of 
manufacture. Each MK48Z08/18/09/19 is marked 
with a five digit manufacturing date code inthe form 
XYYWW. The first digit is the assembly location code 
(example: 98625= assembled in Muar Malasia, 
1986, week 25). 
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Calculating Predicted Storage Life of the Battery 


As Figure 7 indicates, the predicted Storage Life of 
the battery in the MK48Z08/18/09/19 is a function 
of temperature. 


Because the ambient temperature profile is depend- 


MK48Z08/18/09/19(B)-55/70/10/15/20 


user can estimate predicted Storage Life ina given 
design. As long as ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 7. If the 
MK48Z08/1 8/09/19 spends an appreciable amount 
of time at a variety of temperatures, the following 


ent upon application controlled variables, only the | equation should be used to estimate Storage Life. 


Example Predicted Storage Life Calculation 

Predicted Storage Life = 1 + { [(TA1 + TT) + SLi] + [(TA2 + TT) + SLo] + ...4+ [(TAN + TT) + SLn] } 
Where TA1, TA2, TAN, = Time at Ambient Temperature 1, 2, etc. 

TT = Total Time = TA; + TA2 +... + TAN 

SLi, SL2, SLn = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 7) 


Example Predicted Storage Life Calculation 55°C or less for 8322 hrs./yr.; and temperatures 


greater than 60°C, butless than 70°C, for the remai- 


Acash register/terminal operates in an environment ning 438 hrs./yr. 


where the MK48Z08 is exposed to temperatures of 


Reading Predicted tix, values from Figure 7; SLi = 41 yrs., SLe = 11.4 yrs., 

Total Time (TT) = 8760 hrs./yr. TA1 = 8322 hrs./yr. TA2 = 438 hrs./yr. . 

Predicted Typical Storage Life = 1 + { [ (8322 + 8760) + 41] + [(4388 + 8760) + 11.4] 
Predicted Typical Storage Life = 36 years 


FIGURE 7 : PREDICTED BATTERY STORAGE LIFE VS. TEMP. 
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ABSOLUTE MAXIMUM RATINGS * 


TaaiPowerOmipain ———SSSSCdSSSSCSCtSSSSCS~C 
uptown pend SSSC*d 
Neteap any Pnosbewend———«d;SSSCSCS*~Cw a TwSSC~*dSC 


Ambient Operating ( Vcc on ) Temperature (Ta) 0 to 70 


“Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of t ime may affect reliability. 


ra ay Ce ie. ee CAUTION : 
=. -Negative undershoots below -0.3 volts are not allowed on any pin whil 


e in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 


wx [urs [vores 
veo si vite ncazoaney [ams | ss |v | + 
a 
as 


Logic "1" Voltage All Inputs 


Logic "0" Voltage All Inputs 


z 


Input Leakage Current (Any Input) 


Output Logic "1" Voltage ( lout =-1.0 mA) 


Output Logic "0" Voltage (lout = +2.1 mA) 


INT Logic "0" Voltage (lout = +0.5 mA) 


NOTES : 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle. 


3. Icc1 measured with outputs open. 

4. imA typical. 

5. Measured with Vcc = Vi= GND and outputs deselected. 
6. 80MA@ 100,150,200ns, & 125mMA@ 55,70ns 
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“AC TEST CONDITIONS 

INPUT LEVELS 0.0v to 3.0v 
TRANSITION TIMES __5ns 

INPUT AND OUTPUT TIMING 
REFERENCE LEVELS 1.5v 


FIGURE 8: OUPUT LOAD DIAGRAM 
MK48Z08/18/09/19-55/70 MK48Z08/18/09/19-10/15/20 


CAPACITANCE (Ta = 25°C) 


SYMBOL PARAMETER 
Capacitance On All Pins (except DQ) 
Capacitance On DQ Pins 


1. Effective capacitance calculated from the equation C =| At/AV with AV = 3 volts and power supply at 5.0V 2. 
Measured with outputs deselected. 
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FIGURE 9 : PACKAGE MECHANICAL DATA 
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BI 
et j— 
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1 OVERALL LENGTH INCLUDES FLASH 
AND PROJECTIONS ON EITHER END 
OF PACKAGE 


2 PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS 


eA 


3 THE MAXIMUM LIMIT SHALL BE 
INCREASED BY 003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED 
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32K X 8 ZEROPOWER™ 


@ INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT- 
TERY. 


= UNLIMITED WRITE-CYCLES. 


® READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


™PREDICTED BATTERY BACK-UP OF 10 
YEARS @ 25°C. 


m@ PIN AND FUNCTION COMPATIBLE WITH JE- 
DEC STANDARD 32K X 8 SRAMS. 


m@ AUTOMATIC POWER-FAIL CHIP DESELECT / 
WRITE PROTECTION. 


MDUAL WRITE PROTECT VOLTAGE: 
MK482Z30:4.75VOLTS. 
MK482Z30A: 4.50 VOLTS. 


DESCRIPTION 


October 1989 


MK482Z30/30A(B) 
-10/12/15 


RAM 


ADVANCE DATA 


Plastic Package 


PIN CONNECTIONS 


MK48Z30/ 
MK482Z30A 


PIN NAMES 


AQ-A14 = Address Input | Vcc +5Volts 
= Ww Write Enable 
E Chip Enable }— 

G Output Enable 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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DESCRIPTION 


The MK48Z30/30A combines an 32K x 8 full CMOS 
S RAM and 2 long life carbon mono-fluoride bat- 
teries in a single plastic DIP package.The 
MK48Z30/30A is a nonvolatille pin and function 
equivalent to any JEDEC standard 32Kx 8 SRAM. 
it also easily fits into many EPROM and EEPROM 
sockets, providing the non-volatility of the PROM s 


FIGURE 1 : MK48Z30/30A BLOCK DIAGRAM 


| LITHIUM 
CELL 


VOLTAGE SENSE 


SWITCHING 
CIRCUITRY 


TRUTH TABLE ( MK48Z30/30A) 


without any requiment for special writetiming,or 
limitations on the number of writes that can be 
performed. 


In addition, the MK48Z30/30A has its own Power- 
fail Dectect Circuit. The circuit deselect s the de- 
vice whenever Vcc is below tolerance, providing a 
hight degree of data security in the midst of unpre- 
dictable system operations brought on by low Vcc. 
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FIGURE 2: POWER UP/DOWN TIMING 


(MAX) 


(MIN) 


ALL INPUTS DON'T CARE y 4 RECOGNIZED 
RECOGNIZED 


ALL VALID VALID 


OUTPUTS (PER CONTROL 4 (PER CONTROL INPUT) 
INPUTS) 


AC ELECTRICAL CHARACTERISTICS (POWER -UP/DOWN TIMING) (0°C < Ta < +70°C) 


eee vn tr over Somm 
ee 
in [Vw oie a Veo R Tne [a 
as EwWatvn Atrronecup 


SYMBOL |PARAMETER 


pom [ome 
Power- Fail Deselect Voltage (MK48Z30A) 

Vso | 30 | 
tor 


| Veo | Battery Back-Up Switchover Voltage ft 
| tor Expected Data Retention Time om 


NOTES: 
1 . All voltages referenced to GND. 


2 . Verp(Max) to Verp(Min) fall times of less trmay result in deselection/write protection not occuring until 40 us after Vcc passes Verp (Min). 
Vprp (Max)to (Min) fall times of less than 10 ps may cause corruption of RAM data. 


3 . VpFp(Min) to Vso fall times of less than tps may cause corruption of RAM data. 
4. 25°C ambient condition. 


5 
10 
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READ MODE 


The MK48Z30/30A is in the Read Mode whenever 
W (Write Enable) is high and E is low. The device 
architecture allows ripple-through access of data 
from eight of 262,144 locations in the static storage 
array. Thus, the unique address specified by the 14 
Address inputs defines which one of the 32,768 
bytes of data is to be accessed. Valid data will be 
available at the Data I/O pins within tavav after the 
last address input signal is stable, providing that the 
Chip Enable and_G access times are satisfied. If 
Chip Enable or G access times are not met, valid 


FIGURE 3: READ CYCLE TIMING 


READ 


 avav 


es ce 
\-— " AVWL es 


' AvWH 


' avav 


 ELov 


' ctav Po 
oes a ae 
K J -—" 


i/ 
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iS 


data will be available at the Chip Enable Access 
Time (teLav) or at Output Enable Access Time 
(tGLav). 

The state of the eight three-state Data I/O signals 
is controlled by Chip Enable and G. If the Outputs 
are activated before taa, the data lines will be driven 
to an indeterminate state until tAVQV. If the Ad- 
dress inputs are changed while Chip Enable and 
G remain low, output data will remain valid for 
Output Data Hold Time (tpHax) but will go indeter- 
minate until the next Address Access. 


READ WRITE 


' avav 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE) 


(0°C<Ta< + 70°C, VCC = 5.0 V +10% / -5%or -10%) 


ALT. STD. 
SYMBOL | SYMBOL |PARAMETER 
iro | tow 


ptm | tay 
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UNIT | NOTE 
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WRITE MODE 

The MK48Z30/30A is in the Write Mode whenever 
Write Enable and Chip select are active. The start 
of a write is referenced to the latter occurring falling 
edge of W or E. Awrite is terminated by the earlier 
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valid throughout the cycle. E or W must return high 
or for minimum of twr_ prior to the initiation of 
another read or write cycle. Data-in must be valid 
tpveH prior to the end of write and remain valid for 
twHpx afterward. 


rising edge of W or E. The addresses must be held 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 
(0°C<sTas+ 70°C, Vcc = 5.0 V +10% / -5% or -10%) 


A STD. 

SYMBOL SYMBOL 
Pw | tae 
| ots | town | Address Setup Time W Low 
Stas | twee | Address Setup Time E Low 
Chip Enable to End Of Write 
tw | ta | Address Valid to End Off Write 
tw] taven | Address Valid to End Off Write 
Write Pulse Width 
E Data of Time 


LT. 
twe 
tas 
tas 
taw 
taw 

twez W Data of Time 
WR 
WR 
WR 

tps 

tos 

tbH 

toH 


S| 
=| 
2) 


6 
=| 
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PARAMETER 


Write Cycle Time 
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twee 

W High to Address Change 

E High to Address Change 

W High to W Low Next Cycle 
| tos | town Data Setup Time to W High 
tps | toven | Data Setup Time to E High 

| ton | tox | Data Hold Time W High 

| toe | toe | 


NOTES: 
1. In aW Controlled Cycle. 
2. Ina E Controlled Cycle. 


oO 
— 
j=) 
i=) 


peo} [mo] 


5} [s}| [5] 
sft je} jst | 


— | os 
oO | © 
a 
jen) 


Data Hold Time E High 


5/12 


AYf, SiSoteenomes = 


MK482Z30/30A(B)-10/12/15 


FIGURE 4: WRITE CYCLE TIMING 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z30/30A operates as a 
conventional BYTEWIDE static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when 
Vcc falls within the Vprp(max), Verp(min) window. 


A mid-write cycle power failure may corrupt data at 
the currently addressed location, but does not jeop- 
ardize the rest of the RAM’s content. At voltages 
below Vprp(min), the user can be assured the 
memory will be in a write protected state, provided 
the Vcc fall time is not less than tr. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the batteries when 
Vcc rises above Vso. Normal RAM opetration can 
resume trec after Vcc exceeds Vpep(max). Cua- 
tion should be taken to kepp E or W hight as Vcc 
rises past Vprp(min) as some systems may per- 
form inadvertent write cycles after Vcc rises but 
before normal system operation begins. 


BATTERY LONGIVITY 


The useful life of the MK48Z30/30A is expected to 
ultimately come to an end for one of two reasons: 
either because the effects of aging render the cell 
useless before it can actually be discharged; or 
because they have been discharged while provi- 
ding current to an external load. 


With Vcc on, the batteries are disconnected from 


the RAM and aging effects become th determining. 


factor in battery-Storage Life. 
With Vcc off, the MK48Z30/30A initates back-up 


mode by swithching power from Vccinput to the ° 


batteries. The leakage current drawn by the RAM 
represents the only load on the batteries and is 
referred as the Capacity Consomption 


MK482Z30/30A(B)-10/12/15 


* Storage Life 


Figure 5 illustrates how temperature affects Sto- 
razge Life of the MK48Z30 batteries. The figure 
graphs the battery life as a function of temperature 
and the percentage of time VCC remains on. 


Note that regardless off Vcc Duty Cycle, Storage 
Life always decrases with an increase in tempera- 
ture. 


With Vcc continuously off, representing a 0% Duty 
Cycle, the Storage Life of the batteries is short due 
to the load of the RAM which draws current 
(consumes batteries capacity). 


.With Vcc continously on, representing a 100% 
Duty Cycle (ti%), the Storage Life of the batteries 
is long due to the RAM being disconnected from 
the batteries and drawning no current. 


Two End-of- Life curves are presented in the Figure 
6. They are labeled "100% Duty Cycle - Storage " 
(t1%), and "Average” (t50%). These terms are 
related to probability that a given number of failures 
will have accumulated by a particular point in time. 
lf, for example, the batteries expected life at 70°C 
is an issue, Figure 5 indicates that an 
MK482Z30/30A has a 1% chance of having a battery 
failure 11 years into its life and a 50% chance of 
failure at the 20 year time. 
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Back-Up Life Calculation 


Back-Up Life = {[(TA1 + TT) + BLi] + [(TA2 + TT) + BLo] +...+[(TAN + TT) + BLN}} 
Where TA1, TAs, TAN, = Time at Ambient Temperature 1, 2, ect.... 
TT = Total Time = TA1 + TA2 + ...4+ TAN 
BLi, BLz, BLN = Back-Up System Life at Temp.1, Temp.2, ect... (See Figure 5) 


Example Back-Up Life Calculation 


Acash register operates in an environment where the MK48Z30/30A is exposed to a 40°Ctemperatures at 
50% power Duty Cycle for 5 days. The 6th day, the MK48Z30/30A is exposed to a 55°C temperature at 
100% Duty Cycle. The 7th day, the regester is not used and is exposed to 25°C at 0% Duty Cycle. 


Reading Predicted values from Figure 6 ; BLi = 4 yrs, BLe = 40 yrs, Bls = 5 yrs. 
Total Time (TT) = 8760 hrs./yr. TAi = 6264 hrs/yr, TA2 = 1248 hrs/yr, TA3 = 1248 hrs/yr. 


Back-Up Life = {[(6264/8760 ) + 8 ] + [(1248/8760) +40 ] + [(1248/8760) + 10} 


= 9.3 years 
/ 


FIGURE 5 : PREDICTED BATTERY STORAGE LIVE VS. TEMPERATURE AND Vcc DUTY CYCLE 
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* Capacity Consumption Life 


The MK48Z30/30A bettery cells have a minimun 
rated capacity of 35 mAh each. The RAM, battery- 
backed mode, places a nominal load of 825 nAat 
25 °C. Atthat rate, the MK48Z30/30A will consume 
the capacity of the battery cells in 84,848 hours or 
about 10 years. But as Figure 6 Shows, Capacity 
Consumption can be spread over a much longer 
a of time whem the Vcc Duty Cycle is increa- 
sed. 

Capacity Consumption Life can be estimated by 
reading 0% Vcc Duty Cycle Capacity Consumption 
Life directly from Figure 6 and dividing by one 
minus the expected Vcc Duty Cycle. 


FIGURE 6 


TYPICAL CAPACITY CONSUMPTION LIFE 


AT 25C VS Vcc DUTY CYCLE 


40 
Vee ON (%) 


For example, the Capacity Consumption Life of an 
MK48Z30/30A at 25°C and at 20% Vcc Duty Cycle 
is: 

10 Years / (1-0.20) = 12.5 Years 


Naturally, battery-backed mode current varies with 
temperature. As Figure 7 indicates, the Current 
Consumption Life of the MK48Z30/30A in battery- 
Backed mode is also function of the temperature. 
Therefore, to calculate the Capacity Consumption 
Life of the MK48Z30/30A over temperature, the 
same equation is used except the corresponding 
Current Comnsumption Life for a specific tempera- 
ture, derived from Figure 7 is substituted. 


MK48Z30/30A(B)-10/12/15 
* Back-Up Life 


The Back-Up Life of the MK48Z30/30A is defined 
as the combination of the devices’operational fac- 
tors as previously mentioned. Tha is, the combina- 
tion of the Storage Life and Capacity Consumption 
of the batteries. Both of these factors have been 
graphically represented in the Figure 6 and are a 
function of the temperature. 


Calculations of Back-Up Life begins relative to the 
first day power is applied to the device. Each 
MK48Z30/30A RAM is disconnected from the bat- 
tery at time of manufacture to insure battery longe- 
vity. Only after Vcc is initially applied is Back-Up 
Life affected. 


FIGURE 7 


CURRENT CONSUMPTION LIFE OVER TEMP 


0% Vee DUTY CYCLE 


10 
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60 
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Because the ambient temperature is dependent 
upon application controlled variables, only the user 
can estimate Back-Up Life in a given design. As 
long as ambient temperature is held reasonably 
constant, expected Back-Up Life can be read di- 
rectly from Figure 5 If the MK48Z30/30A spends an 
appreciable amount of time at a variety of tempe- 
ratures, the following equation should be used to 
estimate Back-Up Life. 
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ABSOLUTE MAXIMUM RATINGS © 


PARAMETER VALUES UNITS 
Voltage on any Pin Relative to GND -0.3 to + 7.0 
Ambient Operating (Vcc On) Temperature (ta) 


Ambient Storage (Vcc Off) Temperature 


* Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is net implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION 


Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode 


RECOMMENDED DC OPERATING CONDITIONS 


wx | ows | nore 
a 
[aww |swnyvore S|] 
Logic "0" Voltage All Inputs | 03 | o8 | ove 


SYMBOL |PARAMETER 
Average Vcc Power Supply Current 


nn units | NOTES 
TTL Standby Current (Ey= Vin or E2=Vi1) L +s 


| 


Output Logic "1" Voltage ( lout =-1.0 mA) 


pom 

pow | 
Af 
! re ee 
L Output Logic "0" Voltage (lout = +2.1 mA) a ae 
NOTES : 
1. All voltages referenced to GND. 

. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle. 


2 
3. Icc1 measured with outputs open. 
4. 1mA typical. 

5 


. Measured with Vcc = V12= GND and outputs deselected. 
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AC TEST CONDITION FIGURE 8 : OUPUT LOAD DIAGRAM 
Input Levels :.............. 0.0V to 3.0V 


Input and Output Timing 
Reference Levels :........... 1.5V 


CAPACITANCE (Ta = 25°C) 


SYMBOL PARAMETER MAX UNITS 
pF 


i 1 


ORDERING INFORMATION 


00 : 
: 
: 


MK482Z30A-B12 5V+10%/-10% 0°C-70°C 


°C 
°C 
°C 
°C 
5V+10%/-10% 


MK48Z30A-B15 
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FIGURE 9 : 28 PIN BATTERY PACKAGE DESCRIPTION 


fm ie 
ee eeald 


11 EQUAL SPACES @ 
-100 .0100 (TNA) 


| A 


A 1 OVERALL LENGTH INCLUDES FLASH 


AND PROJECTIONS ON EITHER END 
OF PACKAGE 


2 PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS 


3 THE MAXIMUM LIMIT a WHE Mg 
INCREASED BY 003 IN WH 


| MIN 
| 320 | 
P At | 015 
| 2 | 300 
| B | os | 
| Bi | 045 
| c | 008 
ce SOLDER LEAD FINISH IS SPECIFIED 
| 530 | 
| 530 
| 550__| 
| 090 | 
| 600 | 
| 120 
| 060 


Cc 
| | 
ed 
| e1 | 
| 2 | 
| et | 


pao 
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SGS-THOMSON MK482Z32/32A(B) 
AYs MICROELECTRONICS -10/12/15 


32K X 8 ZEROPOWER™ RAM 


ADVANCE DATA 


FEATURES 


# INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT- 
TERY. 


@ UNLIMITED WRITE-CYCLES. 


™ READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


™PREDICTED BATTERY BACK-UP OF 10 
YEARS @ 25°C. 

m@ PIN AND FUNCTION COMPATIBLE WITH JE- 
DEC STANDARD 32K X 8 SRAMS. 


™@ AUTOMATIC POWER-FAIL CHIP DESELECT / 
WRITE PROTECTION. 


™ DUAL WRITE PROTECT VOLTAGE: 
MK482Z30:4.75VOLTS. 
MK48Z30A: 4.50 VOLTS. 


MK48Z32/ 
MK48Z32A 


DESCRIPTION 


Part Number oe pirates 
MIK48232 B - 10 10/-5% 

PIN NAMES 
MK48732 B - 12 H10/-5% 


AQ-A14 Address Input | Vcc +5Volts 


= W Write Enable 
Chip Enable |— 
Output Enable 


E 
GND Ground O 
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DESCRIPTION 


The MK482Z32/32A combines an 32K x 8 full CMOS 
S RAM and a long life carbon mono-fluoride bat- 
teries in a single plastic DIP package.The 
MK48Z32/32A is a nonvolatille pin and function 
equivalent to any JEDEC standard 32Kx 8 SRAM. 
it also easily fits into many EPROM and EEPROM 
sockets, providing the non-volatility of the PROM s 


FIGURE 1 : MK48Z32/32A BLOCK DIAGRAM 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


TRUTH TABLE ( MK48Z32/32A) 


without any requiment for special writetiming,or 
limitations on the number of writes that can be 
performed. 


In addition,the MK48Z32/32A has its own Power- 
fail Dectect Circuit. The circuit deselect s the de- 
vice whenever Vcc is below tolerance, providing a 
hight degree of data security in the midst of unpre- 
dictable system operations brought on by low Vcc. 
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FIGURE 2 : POWER UP/DOWN TIMING 


(MAX) 


(MIN) 


ALL INPUTS DONTCARE N (| RECOGNIZED 
RECOGNIZED 


ALL VALID VALID 


OUTPUTS (PER CONTROL q (PER CONTROL INPUT) 
INPUTS) 


AC ELECTRICAL CHARACTERISTICS (POWER -UP/DOWN TIMING) (0°C < Ta < +70°C) 


[smweor [paramere | 

te [EoWatvusorPoverdom | 0 

Vso to Vprp (Min) Vcc Rise Time 
ae 
eed 


Ft | Verb (Min) to Vprp (Max) Vcc Rise Time 
E or W at Vin After Power Up 


VALUES 
SYMBOL | PARAMETER UNITS NOTES 
pom [ove | omax 
Power- Fail Deselect Voltage (MK48Z30) 


Vie lentoy tcp svicervoags |_| a0 


po | 
pow | 2 
re 
i 
oo ee 
pom | 


Expected Data Retention Time 


NOTES: 
1 . All voltages referenced to GND. 


2. Vprp(Max) to Verp(Min) fall times of less temay result in deselection/write protection not occuring until 40s after Vcc passes Vprp (Min). 
Vprp (Max)to (Min) fall times of less than 10 pps may cause corruption of RAM data. 


3 . Vprp(Min) to Vso fall times of less than tes may cause corruption of RAM data. 
4, 25°C ambient condition. 
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READ MODE 


The MK48Z32/32A is in the Read Mode whenever 
W (Write Enable) is high and E is low. The device 
architecture allows ripple-through access of data 
from eight of 262,144 locations in the static storage 
array. Thus, the unique address specified by the 14 
Address inputs defines which one of the 32,768 
bytes of data is to be accessed. Valid data will be 
available at the Data I/O pins within tavav after the 
last address input signal is stable, providing that the 
Chip Enable and G access times are satisfied. If 


FIGURE 3 : READ CYCLE TIMING 


READ 


t avav 


Chip Enable or G access times are not met, valid 
data will be available at the Chip Enable Access 
Time (teLav) or at Output Enable Access Time 
(icLav). 

The state of the eight three-state_Data I/O signals 
is controlled by Chip Enable and G. If the Outputs 
are activated before taa, the data lines will be driven 
to an indeterminate state until tAVQV. If the Ad- 


dress inputs are changed while Chip Enable and 


G remain low, output data will remain valid for 


READ WRITE 


' AvaV 


SS aS Se 


' avav 


grav 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE) 


(O0°CsTa< + 70°C, VCC = 5.0 V +10% / -5%or -10%) 


wooo | woe [wos | 
SYMBOL SYMBOL {PARAMETER | min | MAX | MIN | MAX! UNIT) NOTE 


ee 
Oe 
ee 
Te | te [Ente or ine 
ae 
Tez | tar fot bola Fe 
Tee | tae ort rte TooLons 
tip EnaieTo lows 
oupi aan Athos 


faa | [e0. 
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Output Data Hold Time (tpHax) but will go indeter- 
minate until the next Address Access. 


MK482Z32/32A(B)-10/12/15 


edge of Wor E.A write is terminated by the earlier 
rising edge of W or E. The addresses must be held 


valid throughout the cycle. E or W must return high 
or for minimum of twr_ prior to the initiation of 
another read or write cycle. Data-in must be valid 


WRITE MODE 


The MK48Z32/32A is in the Write Mode whenever 
Write Enable and Chip select are active. The start 
of a write is referenced to the latter occurring falling 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 
(0°C<Tas+ 70°C, Vcc = 5.0 V +10% / -5% or -10%) 


ALT. STD. 48ZXX-10 
SYMBOL SYMBOL |PARAMETER 


taw 
taw 


ao 


S| 
=f 
2) 


=t 
oO 
oO 


[tw Asean dn We 
tw [tot [Rts a nd OW 
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NOTES: 


1. Ina W Controlled Cycle. 
2.Ina€E Controlled Cycle. 
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FIGURE 4: WRITE CYCLE TIMING 


VALID OUT » 
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ABSOLUTE MAXIMUM RATINGS — 


op Comer PerPriow oupiaTiny [is SSC*dC 


“Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is net implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION 


Negative undershoots below -0.3 volts are not allowed on any pinb while in the Battery Back-up mode 


RECOMMENDED DC OPERATING CONDITIONS 


[ereor [panaweren——SSS*SC a 
a 
[vee [asi votse ocazaon «(as | ns 


2 


Logic "1" Voltage All Inputs 


Logic "0" Voltage All Inputs 


romeo. [smweren | 
ee 
[se rr sty Coen Eira) | 
as owos suns nen Enveroay | ___ 
<a 
a 
ed 


4 


Onput Leakage Current 


Output Logic "1" Voltage ( lout =-1.0 mA) 2.4 


Output Logic "0" Voltage (lout = +2.1 mA) ae 
NOTES : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volts allowed for up to 10 nS once per Cycle. 

3. lec: measured with outputs open. = 


4. 1mA typical. 
5. Measured with Vcc = Vi2 GND and outputs deselected. 
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AC TEST CONDITION FIGURE 5: OUPUT LOAD DIAGRAM 
Input Levels :.............. 0.0V to 3.0V 


Input and Output Timing 
Reference Levels :........... 1.5V 


CAPACITANCE (Ta = 25°C) 


SYMBOL PARAMETER 


Capacitance on All Pins (except DQ 
Capacitance on DQ Pins 


ORDERING INFORMATION 


70 
120 
50 . 


MK48Z32A(B)-10 5V+10%/-10% 0°C-70°C 
ee el ne ee a 
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FIGURE 6 : 28 PIN BATTERY PACKAGE DESCRIPTION 


0 
ies 


11 EQUAL SPACES @ 
-100 0100 (TNA) 


erie 


1. OVERALL LENGTH INCLUDES FLASH 
AND PROJECTIONS ON EITHER END 
OF PACKAGE. 


2 PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS 


3 THE MAXIMUM LIMIT SHALL BE 
INCREASED BY 003 IN WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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MK6116, MKI6116, MK6116L, MKI6116L (N/S) - 15/20/25 
2K X 8 CMOS STATIC RAM 


@ BYTEWYDE™ 2K x 8 CMOS STATIC RAM. 
@ +5 VOLT ONLY WRITE/READ. 


@ 24-PIN 600 MIL PLASTIC DIP, JEDEC PINOUT 
28-PIN 330 MIL SOIC. 


@ EQUAL WRITE AND READ CYCLE TIMES. 


B® HIGH PERFORMANCE WITH LOW CMOS 
STANDBY POWER. 


DESCRIPTION 


MK6116 


The MK6116 is a 16,384-bit CMOS Static RAM, 
organized as 2K x 8 usingSGS-THOMSON Micro- 
electronics’ advanced HCMOS process technolo- 
gy. This device is directly compatible with the 
popular 24-pin, three-wire handshake, 16K static 
CMOS RAM. All inputs and outputs are TTL com- 
patible using a single 5V supply. The MK6116 
provides full static operation, requiring no clocks or Beal 
refresh operations, and has equal access and cycle 
times. Additionally, whenever E (Chip Enable) goes 
high, the device will maintain a reduced power 
standby mode until E again goes active low. (Refer 
to the MK6116Truth Table.) 


PIN NAMES 
MK6116 


ADDRESS INPUTS 
DATA I/O 
CHIP ENABLE. 


Oo OAN OO Ff WO MY — 


ob 
oO 


OUTPUT ENABLE 
WRITE ENABLE 
+5V, GND 
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FIGURE 1:BLOCK DIAGRAM 


CONTROL 
LOGIC 


ROW 


ADDRESS 
BUFFER 


DECODER 


MEMORY 
MATRIX 


128xi6x8 


COLUMN 
ADDRESS 
BUFFER 


READ MODE 


The MK6116 is in the read:mode whenever W 
(Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,384 locations in the static storage array. 
Thus, the unique address specified by the 11 Ad- 
dress Inputs (Ao-A1o) defines which one of 2048 
bytes of data is to be accessed. 


Valid data will be available at the eight Data Outputs 
Drivers (DQo-DQ7) within tavav after the last ad- 


2/9 Kr Scs-TH 


COLUMN 
1/0 
BUFFER 


COLUMN 


DECODER 


row 


dress input signal is stable, provided that the E and 
G (Qut-put Enable) access times are satisfied. If E 
or G access times are not met, data access will be 
measured from the limiting parameter (teLav or 
taLav) rather than address. The state of the eight 
Data |/O signals is controlled by the E and G input 
signals. Data Out may be indeterminate between 
taxax and tavav, but data will always be valid at 
tavav. 


OMSON 


MICROELECTRONICS 


480 


MK6116, MKI6116, MK6116L, MKI6116L(N/S) - 15/20/25 


AC ELECTRICAL CHARACTERISTIICS (READ CYCLE) 
{0°C < TAS +70°C (MK6116/L), -40°C < TAS + 105°C (MKI6116/L), VCC= 5.0 +/- 10%} 


es 

ee 

ea: | twar [otneniooaaortne | | 
— 
im 
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en | tar [Oupaératcwotonz [w= | 
ca | eax [ovpeniswoiowz fe | 
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FIGURE 2 : READ CYCLE TIMING 
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VALID OUT 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) - 15/20/25 


WRITE MODE 


The MK6116 is in the Write Mode of operation 
whenever W and E are active low (Gis adon’t care 
as noted in the Truth_Table). The latter occurring 
falling edge of either W or E will determine the start 
of the write cycle. Therefore, address setup time 
and write or chip enable pulse width are referenced 
to the latter occurring edge of W or E. The write 
cycle can be terminated by either earlier rising edge 
of W or E. The addresses must be held valid 


throughout the cycle. W must return to the high 
logic state for a minimum write recovery time des- 
ignated as twHwL between write cycles. Addresses 
must remain valid for twHax at the termination of the 
write cycle. The same principles apply for an E 
controlled write cycle. 


If the output bus has been enabled (E and G active 
low), then W will disable the outputs within twLaz 
from its falling edge; however, care must be taken 
to avoid a potential bus contention. Data-In must 
be valid tovwH Or tpvex prior to the earlier rising 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 
{0°C < Tas +70°C (MK6116/L), -40°Cs Tas +105°C (MKI6116/L), Vec=5.0 + 10%} 


PARAMETER 


ALT. SDT. 
SYMBOL | SYMBOL 


Address Setup Time W Low 


taH 


Address Setup Time E Low 


Chip Enable to End of Write 


Write Pulse Width 


taH 


twr 


twEz 
tcEz 


t 


jw] 
” 


tbH 


tou 


MK6116 - 15 
MKI6116 -15 
MK6116L-15 
MKI6116L-15 | MKI6116L -20 


Address Valid to End of Write| 120 


Address Valid to End of Write| 120 


MK6116-20 |MK6116 - 25 
MKI6116 -20 | MKI6116 -25 
MK6116L-20 | MKL6116-25 


UNITS | NOTES 


_ N 
fe) O1 
io) i=) 


CO | © 
=) 


— — = = ~ — 
© [=] Oo) 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) - 15/20/25 


FIGURE 3 : WRITE CYCLE TIMING 


FIGURE 4: OUTPUT LOAD DIAGRAM 


“Notes: Including scope and JIG 


kyy, 


AC TEST CONDITION 

Input Levels:......... 0.6Vto2.4V 

Transition Times: ...... 5ns 

Input and Output Timing 

Reference Levels:..... 0.8V or 2.2V 
SGS-THOMSON 


MICROELECTRONICS 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) - 15/20/25 


ABOLUTE MAXIMUM RATINGS 


PARAMETER VALUES 


-0.3 to +7.0 


* This is a stress rating only and functional operation of the device at these or any conditions above those indicazted in the operation sec- 
tion of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


> 
Output current absolute maximun rating is specified for one output at a time, not to exceed a duration of a1 second. 


RECOMMENDED DC OPERATING CONDITIONS 
{0°C < Ta < +70°C (MK6116/L), -40°C < Ta < +150°C (MKI6116/L), Voc=5.0 +/- 10%} 


SYMBOL | PARAMETER UNITS 
: V 


Supply Voltage ae | 
Supply Voltage 
Logic 1 All Inputs 
| 


Logic 1 All Inputs 


DC ELECTRICAL CHARACTERISTICS 
{0°C < TA<+70°C (MK6116/L), -40°C < Ta < +150°C (MKI6116/L), Voc=5.0 +/- 10%} 


YMBOL | PARAMETER 


S 
Average Vcc Power Supply Current, 
lcc MK6116, MKI6116 
MK6116L, MKI6116L 
TTL Standby Current (E= Vin) 


CMOS Standby Current (E > Vec-0.2 V) 
MK6116, MKI6116 


MK6116L 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) - 15/20/25 


LOW Vcc Data RETENTION CHARACTERISTICS (MK6116L, MKI6116L) 


UNITS NOTES 


Data Retention Power Supply Current , 
iu 
IccDR | MK6116L 


tcprR _| Chip Deselection to Data Retention Time hl 
Operation Recovery Time tavav, P| 


* tAVAV = Read Cycle Time 


FIGURE 5 . LOW Vcc DATA RETENTION TIMING 


< DATA RETENTION MODE —_—_-___.-_, 


> 


NOTES: 5 . Negative spikes of -1.0 volts allowed for up to 10 ns once per 
1 . Measured with load as shown in Figure 4. cycle. 
2. Effective capacitance calculated from the equation: 6 . ICC1 measured with output open. 
C= IAVAV, with AV = 3 volts and power supply at nominal level 7 . Measured with GND < V < Vcc and outputs deselected. 
3 . Output is deselected. 8 . Voc = 2.0 Volts. 
4. All voltages referenced to GND. 


CAPACITANCE (TA = 25°C) 


SYMBOL |PARAMETER UNITS | NOTES 


a 7/9 
LY, RSolenone. — 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) - 15/20/25 


FIGURE 6. 24-PIN PLASTIC DIP (N) 


FIGURE 7 . 28-PIN SOIC (S) 


.050 Basic 


ele |ele [mfololzla/e =>] 3 


8/9 z 
“e________ 7 sag-qnoson 
486 


MK6116, MKI6116, MK6116L, MKI6116L(N/S) - 15/20/25 


ORDERING INFORMATION 


hcene(usyis | s60m | som | Raworsoe | ow i056 
ecwmwe 

ewes 

oF | owe 

rere 

[rete 


) 
)-20 
) -25 
) -20 
KOH LIN) 45 Pasic DIPSO | Ot 70°C 


MK Commercial Temperature Range (0°C to +70°C) 
MKI Industrial Temperature Range (-40°C to +85°C) 
6116 Device Family and Identification Number 
L Low Power 
N Plastic Dip Package 
Ss SOIC Package 
15/20/25 Speed Grade 


BYTEWYDE is a Trademark of SGS-THOMSON Microelectronics 


yj SGS-THOMSON 9/9 
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SGS-THOMSON MK148Z02/12(B) 
ITT MICROELECTRONICS 45/20/25 


2K x 8 ZEROPOWER™ RAM 


a» INDUSTRIAL TEMPERATURE RANGE —40°C 
to +85°C 


a PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85°C 

a DATA RETENTION IN THE ABSENCE OF 
POWER 


a DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 


DIP-2 
a +5 VOLT ONLY READ/WRITE (Plastic with Battery Top Alt) 
a CONVENTIONAL SRAM WRITE CYCLES 


=» LOW POWER-440 mW ACTIVE; 5.5 mW 
STANDBY FIGURE 1. PIN CONNECTIONS 


mw 24-PIN DUAL IN LINE PACKAGE, JEDEC 24 PIN 
MEMORY PINOUT 


m READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 


w ON BOARD LOW-BATTERY WARNING CIR- 
CUITRY 


7 


> 


o 
a 


vi 
> 
o 


= TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE 
MKI48Z02 4.75V>Vprp = 4.50V 
MKI48Z12 4.50V =Vprp = 4.20V 


R/W 
Part Number | Access Time | Cycle Time 


[Vee [€[ |W] wove | va 


TRUTH TABLE (MKI48Z02/12) 
Vin Deselect | High-Z 
Vit 


| S| 


~ 


mi > 9 


A 


A 
A 
A 
A, 
A 
A 
A 
A 


°o is) 
oo vn onan &® Ww Ho = 


oOo oO 
OD O 
—~ oO 
- 
f=] 


=] 
|?) 
x) 
Coed 
anh 


= 
Ls) 


X X 
<Vog (Max) X | Vy 
>Voc (Min) Vit Vit Vin Read 

Vit Vin Vin Read 


<Vprp (Min)) X | X | X | Power-Fail |High-Z 

>Vso Deselect 

=Vso0 X | X | X | Battery |High-Z 
Back-up 


June 1988 4/11 


PIN NAMES 


Ay- Ay Address Inputs | V..System Power (+5 V) 
E Chip Enable |W Write Enable 


DQ,—DQ, Data In/Data Out 
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DESCRIPTION 


The MKI48Z02/12 is a 16,384-bit, Non-Volatile Stat- 
ic RAM, organized 2K x 8 using CMOS and an in- 
tegral Lithium energy source. The ZEROPOWER™ 
RAM has the characteristics of a CMOS static RAM, 
with the important added benefit of data being 
retained in the absence of power. Data retention cur- 
rent is so small that a miniature Lithium cell con- 
tained within the package provides an energy 
source to preserve data. Low current drain has been 
attained by the use of a full CMOS memory cell, 


novel analog support circuitry, and carefully con- - 


trolled junction leakage by an all implanted CMOS 


FIGURE 2. BLOCK DIAGRAM 


LITHIUM 
CELL 


POWER 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 
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process. Safeguards against inadvertent data loss 
have been incorporated to maintain data integrity 
in the uncertain operating environment associated 
with power-up and power-down transients. The 
ZEROPOWER RAM can replace existing 2K x 8 
static RAM, directly conforming to the popular Byte 
Wide 24-pin DIP package (JEDEC). MKI48Z02/12 
also matches the pinning of 2716 EPROM and 2K 
x 8 EEPROM. Like other static RAMs, there is no 
limit to the number of write cycles that can be per- 
formed. Since the access time, read cycle, and write 
cycle are less than 250 ns and require only +5 volts, 
no additional support circuitry is needed for inter- 
face to a microprocessor. 


AO—A10 


DQ0—DQ7 


yj THOMSON 
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OPERATION 
Read Mode 


The MKI48Z02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,384 locations in the static storage array. Thus, 
the unique address specified by the 11 Address In- 
puts (A,,) defines which one of 2,048 bytes of data 
is to be accessed. 


FIGURE 3. READ-READ-WRITE TIMING 


MKI48Z02/12(B)-15/20/25 


Valid data will be available to the eight data Output 
Drivers within ta, after the last address input sig- 
nal is stable, providing that the E and G access 
times are satisfied. If E or G access times are not 
met, data access will be measured from the limit- 
ing parameter (toe, OF toga), rather than the ad- 
dress. The state of the eight Data I/O signals is 
controlled by the E and G control signals. The data 
lines may be in an indeterminate state between toy, 
and taa, but the data lines will always have valid 
data at tag. 


VALID IN 


AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 


(—40°C <T, <+85°C) (Voc (Max) = Veo =Vec (Min)) 


a 
rm [max | [ax | [wa | un 
‘ac [Read Gyeie tine ———~—~S~*idt sO | a0) 250] | ne 
aa [Adress Access Time ——~—~=~=«d;SC*d S| =| 200 


ae PARAMETER 


tcea | Chip Enable Access Time 


Valid Data Out Hold Time 


a 


Moes| Output Enable Access Time | || |e] [eo] ms | 1 


3 | ja} | 
Se — 0405) 
Sees 


— 
Lae 


NOTE 
1. Measured using the Output Load Diagram shown in Figure 8. 
(v7 SGS-THOMSON __- ST 
YF. micRoELECTROMcS 
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WRITE MODE 


The MKI48Z02/12 is in Write Mode whenever the W 
and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either Wor E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
for a minimum of tw, prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for tps prior to the End of Write and remain valid 
for tp}, afterward. 


FIGURE 4. WRITE-WRITE-READ TIMING 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high dur- 
ing power-up to protect memory after Veco reaches 
Voc (min) but before the processor stablizes. 


The MKI48Z02/12 G input is a DON’T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implemented. A low on W will disa- 
ble the outputs twez after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 


AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 


(-40°C <T, = +85°C) (Voc (Max) = Voc =Voc (Min)) 


PARAMETER 


Write Cycle Time 15 


tas | Address Setup Time 
Address Valid to End of Write 10 


‘cs [Data Seup Time 


Write Enable Low to High-Z 


tcew| Chip Enable to End of Write 


0 


4/11 . 
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DATA RETENTION MODE 


With Voc applied, the MKI48Z02/12 operates as a 
conventional BYTEWIDE static ram. However, Voc 
is being constantly monitored. Should the supply 
voltage decay, the RAM will automatically power- 
fail deselect, write protecting itself when Vcc falls 
within the Vprp (max), Vprp (min) window. The 
MKI48Z02 has a Vprp (max) to Vpgp (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and mi- 
nus 10%. The MKI48Z12 has a Vpep (max) to Vprp 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 10% power supply specification 
to use the device. 


Note: A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM'’s content. At voltages 
below Vprp (min), the user can be assured the 
memory will be in a write protected state, provided 
' the Vcc fall time does not exceed te. The 
MKI48Z02/12 may respond to transient noise spikes 
that reach into the deselect window if they should 
occur during the time the device is sampling Vcc. 
Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Voc 
to the RAM and disconnects the battery when Voc 
rises above Veo. AS Voc rises the battery voltage 
is checked. If the voltage is too low, an internal Bat- 
tery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after first write, and nor- 
mal RAM operation resumes. Figure 5 illustrates 
how a BOK check routine could be structured. 


Normal RAM operation can resume tpec after Voc 
exceeds Vprp (Max). Caution should be taken to 
keep E or W high as Voc rises past Vprp (Min) as 
some systems may perform inadvertent write cycles 
after Voc rises but before normal system operation 
begins. 


i S-THOMSON 
IF. WCROELECTROMICS 
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FIGURE 5. CHECKING THE BOK FLAG STATUS 


POWER-UP 


READ DATA 


AT ANY 
ADDRESS 


WRITE 
COMPLIMENT 
DATA BACK 
TO SAME 
ADDRESS 


READ DATA 
AT SAME 
ADDRESS 
AGAIN 


(BATTERY LOW) 


. NOTIFY SYSTEM 
NO OF LOW 


IS DATA 
COMPLIMENT 
OF FIRST 
READ? 


BATTERY (DATA MAY 
BE CORRUPTED) 


YES 
(BATTERY OK) 


WRITE ORIGINAL 
DATA BACK TO 


SAME ADDRESS 


CONTINUE 
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FIGURE 6. POWER-DOWN/POWER-UP TIMING 


DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 


(—40°C <T, <+85°C) 
PARAMETER UNITS | NOTES 
Vso 


| Cv 
7 [aa [ aso [| vp 
| ov 


TYP 


Power-fail Deselect Voltage (MKI48Z12) 
Vee I Battery Back-up Switchover Voltage 


AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(—40°C <T, =+85°C) 


[sym [PARAMETER SS~S~*~CSN CK 
‘eo | E or Wat Vy before Power Dow «ito | 
‘te _| Vero (as) 10 Vero (Win) Veo Fal Time | 000 | 
<a 
ae oe 
gine ae 

— 


V 
V 
ve | 4 | 
ss 
es 
=e 


oa 
e [2 
[Veo '0Vieo Win) Veo RiseTime dt | ws 
Vorp (Min) to Vern (Max) Vog Rise Time FO yw | | 

— a Le! 


E or W at Vj, after Power Up 


NOTES: 

1. All voltages referenced to GND. 

2. VPFp (Max) to VpFp (Min) fall times of less te may result in deselection/write 
protection not occurring until 50 ps after Vcc passes VpFp (Min). VpFp 
(Max) to (Min) fall times of less than 10 »s may cause corruption of RAM data. 

3. VpFp (Min) to Vgc fall times of less than te may cause corruption of RAM 


data. 
CAUTION 
Negative undershoots below —0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
6/11 a 
<——_—__—___—_——._ kyy S88, THOMSON 
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DATA RETENTION TIME 
About Figure 7 


Figure 7 illustrates how expected MKI48Z02/12 bat- 
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtual- 
ly independent of the percentage of time the 
MKI48Z02/12 spends in battery back-up mode. 


Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGSTHOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view 
of the fact that no random cell failures have been 
recorded in any of S@S-THOMSON’s ongoing bat- 
tery testing since it began in 1982, we believe the 
likelihood of such failure mechanisms surfacing is 
extremely poor. For the purpose of this testing, a 
cell failure is defined as the inability of a cell stabi- 
lized at 25°C to produce a 2.0 volt closed-circuit vol- 
tage across a 250K ohm load resistance. 


A Special Note: The summary presented in 
Figure 7 represents a conservative analysis of 
the data presently available. While SGS- 
THOMSON is most likely in possession of the 
largest collection of battery life data of this kind 
in the world, the results presented should not 
be considered absolute or final; they can be ex- 
pected to change as yet more data becomes 
available. We believe that future read-points of 
life tests presently under way and improvements 
in the battery technology itself will result in a con- 
tinuing improvement of these figures. 


Predicted Battery Life = 


MK148Z02/12(B)-15/20/25 


Two end of life curves are presented in Figure 7. 
They are labeled ‘Average (tso0,)”” and “(tyo,)”. 
These terms relate to the probability that a given 
number of failures will have accumulated by a par- 
ticular point in time. If, for example, expected life 
at 80°C is at issue, Figure 7 indicates that a partic- 
ular MKI48Z02/12 has a 1% chance of having a bat- 
tery failure 10 years into its life and a 50% chance 
of failure at the 17 year mark. Conversely, given a 
sample of devices, 1% of them can be expected to 
experience battery failure within 10 years; 50% of 
them can be expected to fail within 17 years. 


The ty, figure represents the practical onset of 
wear-out, and is therefore suitable for use in what - 
would normally be though of as a worst-case anal- 
ysis. The tego figure represents “normal”’ or “aver- 
age’”’ life. It is, therefore, accurate to say that the 
average device will last “‘tsoa,”. 


Battery life is defined as beginning on the date of 
manufacture. Each MKI48Z02/12 is marked with a 
four digit manufacturing date code in the form 
YYWW (Example: 8502 = 1985, week 2). 


Calculating Predicted Battery Life 


As Figure 7 indicates, the predicted life of the bat- 
tery in the MKI48Z02/12 is a function of tempera- 
ture. The back-up current required by the memory 
matrix in the MKI48Z02/12 is so low that it has 
negligible influence on battery life. 


Because predicted battery life is dependent upon ap- 
plication controlled variables, only the user can es- 
timate predicted battery life in a given design. As long 
as ambient temperature is held reasonably constant, 
expected life can be read directly from Figure 7. If 
the MKI48Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following equa- 
tions should be used to estimate battery life. 


1 


[(TA,/TT)/BL,)]+[(TA2/TT)/BL,]+...+[(TA,/TT)/BL,)] 


Where TA,, TAp, TA, = Time at Ambient Temperature 1, 2, etc. 
TT = Total Time = TA,+ TA> +...+ TA, 
BL;, BL>, BL, = Predicted Battery Lifetime at Temp 1, Temp 2, etc. (see Figure 7). 


EXAMPLE PREDICTED BATTERY LIFE CALCULATION 


A process control computer operates in an environ- 
ment where the MKI48Z02/12 is exposed to tem- 


peratures of 50°C or less for 3066 hrs/yr; tempera- 
tures greater than 25°C, but less than 60°C, for 5256 
hrs/yr; and temperatures greater than 40°C, but less 
than 85°C, for the remaining 438 hrs/yr. 


Reading predicted typical life values from Figure 7; BL, = 275 yrs., BLp = 95 yrs., BL = 32 yrs. 


Total Time (TT) = 8760 hrs./yr. 
Predicted Typical Battery Life = 


ky7 355, THOMSON 


TA, = 3066 hrs./yr. 


TAg =5256 hrs./yr. 
1 


TA3 = 438 hrs./yr. 


[(3066/8760)/275] +[(5256/8760)/95] +[(438/8760)/32] 
= 109.2 yrs. | 


MK1I48Z02/12(B)-15/20/25 


FIGURE 7. MKI48Z02/12 PREDICTED BATTERY STORAGE LIFE VS TEMPERATURE 


tsom, (AVERAGE) 


i 
y 


_ lil 


DEGREES CELSIUS 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage On Any Pin Relative To GND.......... 0... ccc ccc cece ee eee eens —0.3 V to +70 V 
Ambient Operating (Voc On) Temperature (Ta) .... 6... eee eee —40°C to +85°C 
Ambient Storage (Vcc Off NOMPCIALUIC se o.6 swore s hee eed Rinna eae —40°C to +85°C 
Total Device Power Dissipation... 1.0.0.0... 0... cc ce teen eee ence eee e eens 1 Watt 
Outout Current Per Pin's..66¢ as00.2halodag warceas ta ties aoe Se hee aes sera 20 mA 


*Stresses greater than those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions above those indicated 
in the operational section of this specification is not implied. Exposure to absolute maximum rating conditions for ex- 
tended periods of time may affect reliability. 


CAUTION: Under no conditions can the “Absolute Maximum Rating” for the voltage on any pin be exceeded since 
it will cause permanent damage. Specifically, do not perform the ‘‘standard” continuity test on any input or output pin, 
i.e do not force these pins below —0.3 V DC: 


RECOMMENDED DC OPERATING CONDITIONS 
(-40°C <T,<+85°C) 


Yoo | Supt Vonage waaay | a7 | 50 v 
po 

Vin 

Vit 


[Voc 

fen [Supply Voltage | 
Vin Logic “1” Voltage All Inputs | 22 
Vib Logic ‘0”’ Voltage All Inputs | 03 | 


DC ELECTRICAL CHARACTERISTICS 
(—40°C <T,<+85°C) (Voc (Max) =Vec=Vec (min)) 


rev [PARAMETER MINA 
‘esr | Average Vo Power Supp Current |__| 80 | 
ece [TL Stacy Curent = vi) | +d a 
Tees | MOS Standby Curent E=Voq—a2) | [1 [ma 
Nou [Output Leakage Curent «Ys fs 
Output Logic “1” Voltage (lout = -10mA)} 24 | 


/Vo. _| Output Logic “O” Voltage (lout = 2.1 mA) 
CAPACITANCE (T, = 25°C) 


PARAMETER 
Capacitance on all pins (except D/Q) | 7pF | 5 | 
Capacitance on D/Q pins 10 pF | 45 | 


NOTES 

1. All voltages referenced to GND. 

2. Negative spikes of —1.0 volts allowed for up to 10 ns once per cycle. 

3. lcci Measured with outputs open. 

4. Measured with GND<V;<Vcc and outputs deselected. 

5. Effective capacitance calculated from the equation C = IAt with AV =3 
volts and power supply at nominal level. AV 


Ti SGS-THOMSON ____——i(iti—s—C—C—S—S~S~SS TT 
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AC TEST CONDITIONS FIGURE 8. OUTPUT LOAD DIAGRAM 
Input Levels: 06 Vto24V 
Transition Times: 5 ns 
Input and Output Timing 
Reference Levels 08 Vor2.2V 
Ambient Temperature —40°C to 
+85°C 
Voc (MKI48Z02) 4.75 V to 5.50 
V 


DEVICE 
UNDER 
TEST 


(INCLUDING SCOPE AND JIG) 


ORDERING INFORMATION 


MKI48Z X 2 B -XX 
DEVICE Voc RANGE PACKAGE SPEED 
FAMILY. 
-15 150 NS ACCESS TIME 
-20 200 NS ACCESS TIME 
-25 250 NS ACCESS TIME 
B= PLASTIC WITH BATTERY 
TOP HAT 
0 +10%/-—5% 
1 +10%/—10% 
MKI Industrial Temp. Range 
—40°C to +85°C 
10/11 “ 
—__—_—_————— ky 3&8 THOMSON 
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PACKAGE DESCRIPTION 
B PACKAGE 24 PIN 


Battery |D | — [32993] — | 1205] 
ony |Z | 13.97. | 14.478] 550 | 570] | 
|A_| 8.128| e652] 320 | 380 | | 

[Aa | 7.62 | 9.144] 300 | 360] | 

JE, [13.462 |13.97 | 530 | 550 | | 

1B | 0381] 0593] 015 | 021 | 4 | 

[By | 1.143] 1.78 .045 | o70| 

[¢| o203| 0.955] 008 | 014 | 4 _| 

(Dy | — |s22sa] — [s270] 1 


11 EQUAL SPACES 
AT .100+.010 (TNA) 


NOTES: 

1. Overall length includes .010 in. flash on either end of the package. 

2. Package standoff to be measured per JEDEC requirements 

3. Measured from centerline to centerline at lead tips 

4. When the solder lead finish 1s specified, the maximum limit shall be in- 
creased by .003 in. 


G7 SGS-THOMSON 10 
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MILITARY SRAMs 
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mmos: 


FEATURES 


* INMOS' Very High Speed CMOS 

¢ Advanced Process - 1.6 Micron Design Rules 
Specifications guaranteed over full military 
temperature range (-55° C to + 125° C) 

4K x 1 Bit Organization 

25, 35, and 45 nsec Access Times 

Single +5V + 10% Operation 

Power Down Function 

Fully TTL Compatible 

Separate Data Input and Output 
Three-state Output 

Standard Military Drawing version available 
18-Pin, 300-mil DIP (JEDEC Std.) and FP 


IMS1203M 
CMOS 

High Performance 
4K x 1 Static RAM 
MIL-STD-883C 


DESCRIPTION 


The INMOS 1IMS1203M is a high speed CMOS 4Kx1 
static RAM processed in full compliance to MIL-STD- 
883C. The IMS1203M provides performance enhance- 
ments with the additional CMOS benefits of lower power 
and superior reliability. 

The IMS1203M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access'and cycle times. Additionally, the IMS1203M pro- 
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1203M is a VLSI static RAM intended for 
military temperature applications that demand superior 
performance and reliability. 


PIN CONFIGURATION LOGIC SYMBOL 


DIP & 
FLAT PACK © 


PIN NAMES 


Ww WRITE ENABLE 


D DATA INPUT 


E CHIP ENABLE 
Q DATA OUTPUT 


November 1989 


BLOCK DIAGRAM 


MEMORY ARRAY 
32 ROWS 
128 COLUMNS 


COLUMN VO Q 


COLUMN SELECT 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V 
Voltage ON Qu... ceesccsssteesereeeens -1.0 to (Vcc+0.5) 
Temperature Under Bias... -55° C to 125°C 
Storage Temperature .... 25° C to 150°C 
Power Dissipation..........0 © sasaueneeaee 1W 
DC Output Current...........00 © sesseeeeee 25mA 


(One Second Duration) 


DC OPERATING CONDITIONS 


Vec 


Supply Voltage 


Ambient Operating Temperature 


*Vi. min = -3.0 V for pulse width <20ns, note b. 


a 
Le 

vecro.5| V_ | Allinputs 
ss 


Input Logic "1" Voltage 
Input Logic "0" Voltage ee 
| 55 | 


*Stresses greater than those listed under “Absolute Maximum 
Ratings" may cause permanent damage to the device. Thisisa 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational 

sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 


All inputs 


400 linear ft/min air flow 


DC ELECTRICAL CHARACTERISTICS (-55°C < Ta¢ 125°C) (Vcc =5.0V + 10%)® 


SYMBOL PARAMETER 


lees Average Vcc Power 
Supply Current 
Icc2_ | Voc Power Supply Current 
(Standby,Stable TTL Input Levels) 
lccs Vcc Power Supply Current 
(Standby, Stable CMOS Input Levels) 


Icc4 | Vcc Power Supply Current 
(Standby, Cycling CMOS Input Levels) 


E> Vin. All other inputs at 
Vin ¢ Vit-or 2 VIH 


E>? (Vcc - 0.2). All other inputs at 
Vin § 0.2 or 2 (Vcc- 0.2V) 


E> (Vcc - 0.2) . Inputs cycling at 
Vin § 0.2 or 2 (Vcc - 0.2V) 


Vcc = max 
Vin = Vss to Vcc 


Vcc = max 
Vin = Vss to Voc 


loH = -4mA 


lol = 12mA 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


AC TEST CONDITIONS 


Input Pulse Levels ................ccsscsceeceseeees 
Input Rise and Fall Times ..................csecceeeeees 5ns 
Input and Output Timing Reference Levels... 1.5V 
OUIDUULOAG cute cckc uric eent ena See Figure 1 
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CAPACITANCE? (Ta=25°C, f=1.0 MHz)? 


SYMBOL} PARAMETER |MAX| 
Input Capacitance | 4 | pF | AV =0 to 3V 
Output Capacitance| 4 | 


Note b: This parameter is sampled and not 100% tested. 


UNITS |CONDITIONS 


IMS1203M 


RECOMMENDED AC OPERATING CONDITIONS (—55°C < T,< 125°C) (Voc = 5.0V = 10%) 
READ CYCLE® 


1203M-25]1203M-35]1203M-45 
PARAMETER >| UNITS | NOTES 
r 


ne 
[tww [tic [Read CycleTime 25] 
tiz 
z 
D 


H 
z 
H 


(oP) pe) ioe) GD 
en) jo) on on 


2 
3 


R 

na 
5] 
[aor [tz [Chip Erableto OuputAcive | 5| 
[tevoz [tke | Chip Disable to Output Inactive __| 0] 15 | 
[teuccu [teu | Chip EnabletoPowerUp | | 
[tewcor [tro | Chip Disable to Power Down |_| 30. 
Le hee Input Rise and Fall Times | 150} |s50] [50] ns 


Note c: For READ CYCLES 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected, E low. 

Note e: Measured between V,, max and V,, min. 

Note f: Measured + 200mvV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vi, to Vi. or Vy, to Viq in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


oe) 
| fofofatal [&] | 


oO 


a 
iS) 
—s 


READ CYCLE 1°° 
2 tAVAV 


appress [XK 


a _ 3 tavav 
4 taxax 


awatsouy [XXX ourruTVAD 


READ CYCLE 2° 


8 tEHICCL 


IMS1203M 


RECOMMENDED AC OPERATING CONDITIONS (—55°C < T,< 125°C) (Vo = 5.0V + 10%) 
WRITE CYCLE 4: Wcontro.tep?: 
UNITS | NOTES 


|__ SYMBOL 
[ammasatmemme| PARAMETER 
re | vay [we [iecyaetie | as 
Fo twa we [wae ruse wan | 8 
caw | tow | ospensieoensawae | 20 
[oansipiematWae | 15. 
[oaatsatrcniwae | 0 
Es 
ro | 
ro 
re 
ro 


Cc 
P 
Address Set-up to Beginning of Write 
'WHAX Address Hold After End of Write 
'WLOZ Write Enable to Output Disable 


‘twHax Output Active After End of Write 


Note f: Measured + 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vj, to Vi, or Vi, to Vjy in a monotonic fashion. 
Note h: E or W must be = Vi, during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


W 
W 
DW 
DH 
AW 
AS 
Ww 
Ww 


t 
, : 
: 
: 
-ia| woe | tw [ aster soniocnstvie 
: 
t 
t ° 


uo 


WRITE CYCLE 1 
9 TAVAV 
ADDRESS 


11 tELWH 


E AA) AILLLLLLL LL 


arr aE 14 tAVWH 16 twHax 
7 15 tayvWL 10 twLWH 
™ AAAS 


is pl i 
D(DATAIN) fo ATAVALID 


17 twLaz 18 twHax 


Q (DATA OUT) DATA UNDEFINED HIG IMPEPANCE SL 
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IMS1203M 


RECOMMENDED AC OPERATING CONDITIONS (—55°C < T, < 125°C) (Voc = 5.0V + 10%) 


WRITE CYCLE 2: Econtrottep9: " 


| SYMBOL 1IMS1203M-25 | IMS1203M-35 |IMS1203M-45 | 
HO SUMAOE pon eMbien MIN [MAX| MIN[MAX| MIN [max] UNITS | NOTES 


19| tavav | two |witecycotine =f a5 | | a5 | fas | | ons | 
20| wen | twe |wierusewiah ts | | 20 | fas | | ns | 
teuen | tow |chipenabietoendotwite | 20 || 30 | | 40 | | ons | 


! rs 

Ftciox | ton | Datel terendetvite | 0 |) 

Pavers | thw | Adiesssetuptoendaiwie | 20 | 

wn [Aadossiiantereniarwie [| [o| fo] | | 
: mmotwae | 0 | 
W2 Po fs 


i] NM | PO 
oi nm | 


t 
tAVEL Address Set-up to Beginning of Write 
twLaz Write Enable to Output Disable 


Note f: Measured + 200mvV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V;, to Vi. or V;, to V4 in a monotonic fashion. 
Note h: E or W must be = V,, during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 2 


19 taVAV 
26 
TAVEL 
E [oe 
| 24 tavEH a 25 [EHAX 
Ww AAAAAAAAAYLAAA YS 777 
22 !DVEH 23 tEHDX 
D(DATAIN ee — 
27 ‘waz 


HIGH IMPEDANCE 
Q (DATA OUT) DATA UNDEFINED 
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DEVICE OPERATION _ 

The IMS1203M has two control inputs, Chip Enable (E) 
and Write Enable (W), twelve address inputs (Ap-A1)), 
a Data In (D) and a Data Out (Q). The E input controls 
device selection as well as active and standby modes. 
With E low, the device is selected and the twelve address 
inputs are decoded to select one bit out of 4K bits. 
Read and Write operations on the memory cell are con- 
trolled by W input. With E high, the device is deselected, 
the output is disabled, and the power consumption is 
reduced to less than one-fourth of the active mode power 
with TTL levels and even lower with CMOS levels. 


READ CYCLE _ S 

A read cycle is defined as W > Viq min with E< Vi_ max. 
Read access time is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while 
E is low. The outputs remain active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
and as long as E remains low, the cycle time is equal to 
the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by E going low. As long as address is 
stable when E goes low, valid data is at the output at 
the specified Chip Enable Access time. If address js not 
valid when E goes low, the timing is as specified in 
READ CYCLE 1. Chip Enable access time is not affected 
by the duration of the deselect interval. 


WRITE CYCLE 

The write cycle of the IMS1203M Is initiated by the latter 
of E_or W to transition from a high to low. In the case 
of W falling last, the output_buffer will be turned on 
te_gx after the falling edge of E (just as in a read cycle). 


The output buffer is then turned off within twiaqz of the 


falling edge of W. During this interval, tt is possible to 
have bus contention between devices with D and Q 
connected together in a common I/O configuration. 
Contention can be avoided in a carefully designed system. 
During a write cycle, data on the input is written into 
the selected cells and the output is floating. 


& 


WRITE CYCLE 1 waveform shows a write cycle ter- 
minated by W going high. Data set-up and hold times 
are referenced to the rising edge_of W. When W goes 
high at the end of the cycle with E active, the output of 
the memory becomes active. The data from the memory 
will be the same as the input data unless the input data 
or address changes. 

WRITE CYCLE 2 waveform shows a write cycle ter- 
minated by E going high. Data set-up_and hold times 
are referenced to the rising edge of E. With E high, 
the outputs remain in the high impedance state. 


APPLICATION 

It is imperative when designing with any very high 
speed memory, such as the IMS1203M, that the funda- 
mental rules in regard to memory board layout be 
followed to ensure proper system operation. 


TERMINATION 

Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the lines, 
especially low going TTL signals, line termination is 
recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
be placed as close to the driver package as is practical. 
The line should be kept short by placing the driver- 
termination combination close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of resistance 
should therefore be selected empirically. 
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POWER DISTRIBUTION 

The recommended power distribution scheme com- 
bines proper power trace layout and placement of 
decoupling capacitors to maintain the operating mar- 
gins of the IMS1203M. The impedance in the decoupling 
path from the power pin through the decoupling capacitor 


to the ground pin should be kept to a minimum. The- 


impedance of this path is determined by the series im- 
pedance of the power line inductance and the inductance 
and reactance of the decoupling capacitor. 

Since the current transients associated with the opera- 
tion of the high speed IMS1203M have very high frequency 
components, the line inductance is the dominating factor. 
To reduce the line inductance, the power trace and 
ground trace should be gridded or provided by separate 
power planes. The decoupling capacitor supplies energy 
for high frequency current transients and should be 
located as close to the devices with as short lead length 
as possible. The high frequency decoupling capacitor 
should have a value of 0.1 microfarad, and be placed 
between each row of devices in the array (see drawing). 
A larger tantalum capacitor, with a sufficient value to 
eliminate low frequency ripple, should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distribution system. 
These larger capacitors provide bulk energy storage to 
prevent voltage drop due to the main supply being 
located off the memory board and at the end of a long 
inductive path. 

The ground grid of the memory array should extend to 
the TTL driver periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due-to differential 
ground noise. 


IMS1203M 


“DEVICE 


CAPACITOR 


OOS ED SM SOS EE «RD SON MED, ER PN 


Vcc; Vss GRID SHOWING 
DECOUPLING CAPACITORS 
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Lead finish 
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FIGURE 1. OUTPUT LOAD 


Formed flat-pack 

Formed flat-pack od 
LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 


3302 


Q (Dout) 
PLCC, J-bend 

Sidebraze ceramic DIP 

Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP = _ 
(Skinny) Flat-pack 

Ceramic LCC 

(Skinny) Flat-pack 


30pF 


200 (INCLUDING 
SCOPE AND 
FIXTURE) 


TRUTH TABLE 


Standby (Isb) 


Standard Military Drawing version available, see SMD Reference Guide 


ORDERING INFORMATION 


PART NUMBER 


IMS 1203M 


CERAMIC DIP 
FLAT PACK 
CERAMIC DIP 
FLAT PACK 
CERAMIC DIP 
FLAT PACK 


IMS1203S-25M 
IMS1203A-25M 
IMS1203S-35M 
IMS1203A-35M 
IMS1203S-45M 
IMS1203A-45M 


IMS1203M 


PACKAGING INFORMATION 


8 equal spaces @ | <«S <— 
2.03 
0.80 


—_ 


Se | | 
AD Bt of | <x eA >| 


9/9 


EERE YS 
EERE EEE 
ERR EERE 
ERR EERE 
ERR eee 
ERR EE 
tt fy 


mmos: 


FEATURES 


INMOS' Very High Speed CMOS 
Advanced Process - 1.6 Micron Design Rules 
Specifications guaranteed over full military 
temperature range (-55° C to + 125° C) 

1K x 4 Bit Organization 

25,35, and 45 nsec Access Times 

Fully TTL Compatible 

Single +5V + 10% Operation 

Power Down Function 

Common Data Input and Output 
Three-state Output 

Standard Military Drawing version available 
18-Pin, 300-mil DIP (JEDEC Std.) and FP 


PIN CONFIGURATION LOGIC SYMBOL 


DIP & 
FLAT PACK 


PIN NAMES 


Ww WRITE ENABLE Vss GROUND 
E 


CHIPENABE [CS 
vO DATA IN/OUT Say) 


m| 


=| 


November 1989 


IMS1223M 
CMOS 
High Performance 


1K x 4 Static RAM 
MIL-STD-883C 


DESCRIPTION 


The INMOS IMS1223M is a high speed CMOS 1Kx4 
static RAM processed in full compliance to MIL-STD- 
883C. The IMS1223M provides performance enhance- 
ments with the additional CMOS benefits of lower power 
and superior reliability. 

The IMS1223M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1223M pro- 
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1223M is a VLSI static RAM intended for 
military temperature applications that demand superior 
performance and reliability. 


BLOCK DIAGRAM 


AO 
Ai 


MEMORY ARRAY 
32 ROWS 
128 COLUMNS 


A2 
A3 
A4 


COLUMN SELECT 
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ABSOLUTE MAXIMUM RATINGS* 


; : 7 “Stresses greater than those listed under “Absolute Maximum 
Voltage on any pin relative to Vss......... 2.0 to 7.0V Ratings" may cause permanent damage to the device. This isa 


Voltage on Q.........+.0 es PERG Satet ee -1.0 to (Vcc+0.5) stress rating only and functional operation of the device at these or 
Temperature Under Bias................ -55°C to 125°C any other conditions above those indicated in the operational 
Storage Temperature ................008 -65° C to 150°C _ sections of this specification is not implied. Exposure to absolute 
Power Dissipation.......cc.ssssssssssssssscssescsseesseeseneees 1W maximum rating conditions for extended periods may affect reliability. 
DC Output Current... cesessesseecsseeseeceseeees 25mA 

(One Second Duration) 


DC OPERATING CONDITIONS 
PARAMETER 


Input Logic "1" Voltage 2.0 
v v 
| T! °c 


Vit Input Logic "0" Voltage 


TA Ambient Operating Temperature ee ae 


“Vit min = -3 V for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (-55°C ¢ Ta< 125°C) (Vcc = 5.0V + 10%)* 


jevueou| PARAMETER | mi NOTES 


Average Vcc Power mA tavav = tavav(min) 
Supply Current 


Vcc Power Supply Current 
mA 


E 2 Vin. All other inputs at 
Vin ¢ Vit or 2 Vin 


on 


+ m zx = 
on oO 


(Standby,Stable TTL Input Levels) 


Vcc Power Supply Current 
(Standby, Stable CMOS Input Levels) 
l 


E 2 (Vcc - 0.2) . All other inputs at 
Vin £§ 0.2 or 2 (Vcc - 0.2V) 


Vcc Power Supply Current 
(Standby, Cycling CMOS Input Levels) 


Input Leakage Current (Any Input) 
Off State Output Leakage Current 


Output Logic "1" Voltage 


. 


E 2 (Vcc - 0.2) . Inputs cycling at 
Vin ¢ 0.2 or 2 (Vcc - 0.2V) 


Vcc = max 
Vin = Vss to Vcc 


Voc = max 
Vin = Vss to Voc 


I+ 
—_ 
oO 


loH = -4mA 


= i 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


- 


Output Logic "0" Voltage 


AC TEST CONDITIONS CAPACITANCE? (TaA=25°C, f=1.0MHZ) 


Input Pulse LEVEIS ......cessoescsssseeeseseeeee SYMBOL| PARAMETER |MAX|UNITS|CONDITIONS 

Input Rise and Fall Times. ................. pieaeatuadeet 5ns 

Input and Output Timing Reference Levels..1.5V npulCapacitance | 4 | pF vie ey 
Output Capacitance | 4 | pF AV =0 to 3V 


Output Load iss csice cu iesapveeeeicees See Figure 1 
Note b: This parameter is sampled and not 100% tested. 
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RECOMMENDED AC OPERATING CONDITIONS —55°C < Ta< 125°C) (Voc = 5.0V + 10%) 


READ CYCLE? 


TazaM-25 [1223-35] 
PARAMETER MIN 
Chip Enable Access Time Li 


a 


ch 
T [est [ors |e 


— 

m 

(0 
f 

x< 

i 

N 

QO) 

3 

:o) 

m 

ie 

fab) 

oy 

oO 

Comma 

re) 

Oo 

c 

—_ 

Oo 

c 

—_— e 

> 

ro 

ang 

< 

. 10 

on | 
on | — no we) 
om Ro) on on on 

ra 

| | jololalal [el & 


Note c: For READ,CYCLES 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected, E low. 

Note e: Measured between V, max and V,, min. 

Note f: Measured + 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V,, to V,, or Vi. to Vix in a Monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°° 


ADDRESS 


VO (DATA OUT) 


READ CYCLE 2° 


71 
enwen 8 tEHICCL 
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RECOMMENDED AC GPERATING CONDITIONS (-55°C ¢ Ta << 125°C) (Voc = 5.0V +10%) 
WRITE CYCLE 1: W CONTROLLED?" | 


SYMBOL 
PARAMETER 
|Standard| Alternate! UNITS | NOTES 


iv [we [Wite Gyo time _—_——idt a. 
wn , 

vm [ow [Data Set to EndotWite | 15 

x [on |DataHoldaterEndofWrie | 0 

Pew [Adds Setup to End of Wie | 20 

ns [Ades Setup 0 Siar of Wite | 0 

Gi 

Fs 


Address Hold after End of Write 
twz Write Enable to Output Disable 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: Eand W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: {f Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 1 
9 tavav 
ADDRESS 
11° teLwH 
. Lae 
ce ee a 14 tawn 16 tWHAX 
15 tawe 10 twuwH 

" AMAA 

* 12 tovwH 13. twHpx 

17 twiaz 18 twHax 


HIGH IMPEDANCE 


[/O (DATA OUT) DATA UNDEFINED 
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RECOMMENDED AC OPERATING CONDITIONS (—55°C < Ts< 125°C) (Veg = 5.0V + 10%) 
WRITE CYCLE 2: Econtrottep?:" 


Saerpmeme| PARAMETER 
PARAMETER 
sin Write Pulse Width 


1223M-25[1223M-35 |1223M-45 | 


SIE 


— 
on 


SSE 
|| 


Oo 


ow [Chip Enable to End of Write {2 
tno 

[ay __| Address Setup to End of write 2 
ras 
Address Set-up to Beginning of Write 
of rs| of 20] of20] ns 


Note f: Measured + 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V,, to V;, or Vi. to Viq in a Monotonic fashion. 
Note h: E or W must be = Vi, during address transitions. 

Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


— 
—_ 
m 
- 
m 
x= 


— | © 
om | © 


SS — |B Pro] ts 
lololSlojals lal si2 


hm |r 
oo] s 
m |S" 
ao < 
x |= 


ie) 
lo lo |8 | 


—_ 
© oO 


ns 
ns 
ns 
ns 
ns 

S 


= 
od 
aa 
a 
a 
cod 
ae 
re 


WRITE CYCLE 2 19 tavay 


ADDRESS |} ee es 


26 
7 tAVEL — 
a 
24 tavEH re 25 tEHAX 
WAAAY YTS TTT) 
22 {DVEH 23 tEHDX 
vo(oATAIN) [_C—~—“*‘“SC*C*S*SC~«SK SCAT ALID. XC 
27 tWLaz 
HIGH IMPEDANCE 
VO (DATA OUT) 
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DEVICE OPERATION 7 

The IMS1223M has two control inputs, Chip Enable (E) 
and Write Enable (W), ten address inputs (Ag-Ag), and 
four Data I/O lines. The E input controls device selection 
as well as active and standby modes. With E low, the device 
is selected and the ten address inputs are decoded to 
select one four-bit word out of 1K words. Read and Write 
operations on the memory cell are controlled by W input. 
With E high, the device is deselected, the output is 
disabled and the power consumption ts reduced to less 
than one-fourth of the active mode power with TTL levels 
and even lower with CMOS levels. 


READ CYCLE _ 2 

A read cycle is defined as W > Viy min with E< Vi_ max. 
Read access time is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is iniuated by a change in the address inputs while 
E is low. The outputs remain active throughout READ 
CYCLE 1 and are valid at the specified address access 
time. The address inputs may change at access time 
and as long as E remains low, the cycle time is equal to 
the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by E going low. As long as address is 
stable when E goes low, valid data is at the outputs at 
the specified Chip Enable Access time. If address is not 
valid when E goes low, the timing is as specified in 
READ CYCLE 1. Chip Enable access time ts not affected 
by the duration of the deselect interval. 


WRITE CYCLE 

The write cycle of the IMS1223M is initiated by the latter 
of E or W to transition from a high to a low. In the case 
of W falling last, the output buffers will be turned on 
teLQx after the falling edge of E (just as in a read cycle). 
The output buffers are then turned off within twLqz of the 
falling edge of W. During this interval, it is possible to 
have bus contention between devices with common I/O 
configurations. To avoid bus contention, input data should 
not become active on the I/O bus until twrqz. 


WRITE CYCLE 1 waveform shows a write cycle ter- 
minated by W going high. Data set-up and hold times 
are referenced to the rising edge of W. When W goes 
high at the end of the cycle with E active, the output of 
the memory becomes active. The data from the memory 
will be the same as the input data unless the input data 
or address changes. 

WRITE CYCLE 2 waveform shows a write cycle ter- 
minated by E going high. Data set-up and hold_times 
are referenced to the rising edge of E. With E high 
the outputs remain in the high impedance state. 


APPLICATION 

It is imperative when designing with any very high 
speed memory, such as the IMS1223M, that the funda- 
mental rules in regard to memory board layout be 
followed to ensure proper system operation. 


TERMINATION 

Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the lines, 
especially low going TTL signals, line termination is 
recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number 
of components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The resistor should 
be placed as close to the driver package as is practical. 
The line should be kept short by placing the driver- 
termination combination close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of resistance 
should therefore be selected empirically. 
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POWER DISTRIBUTION 

The recommended power distribution scheme com- 
bines proper power trace layout and placement of 
decoupling capacitors to maintain the operating mar- 
gins of the IMS1223M The impedance in the decoupling 
path from the power pin through the decoupling capacitor 
to the ground pin should be kept to a minimum. The 
Impedance of this path is determined by the series im- 
pedance of the power line inductance and the inductance 
and reactance of the decoupling capacitor. 

Since the current transients associated with the opera- 
tion of the high speed IMS1223M have very high frequency 
components, the line inductance is the dominating factor. 
To reduce the line inductance, the power trace and 
ground trace should be gridded or provided by separate 
power planes. The decoupling capacitor supplies energy 
for high frequency current transients and should be 
located as close to the devices with as short lead length 
as possible. The high frequency decoupling capacitor 
should have a value of 0.1 microfarad, and be placed 
between each row of devices in the array (see drawing). 
A larger tantalum capacitor, with a sufficient value to 
eliminate low frequency ripple, should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distribution system. 
These larger capacitors provide bulk energy storage to 
prevent voltage drop due to the main supply being 
located off the memory board and at the end of a long 
inductive path. 

The ground grid of the memory array should extend to 
the TTL driver periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 
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Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


solder 
solder 
solder 
solder 
gold 
solder 
gold 
gold 


FIGURE 1. OUTPUT LOAD 


5.0V 


4802Q 


0 


30pF 


2552 (INCLUDING 
i SCOPE AND 


FIXTURE) 


TRUTH TABLE 


Standby (Isb) 


Standard Military Drawing version available, see SMD Reference Guide 


ORDERING INFORMATION 


IMS 1223M 


PART NUMBER 


CERAMIC DIP IMS1223S-25M 


FLAT PACK IMS1223A-25M 
CERAMIC DIP IMS1223S-35M 
FLAT PACK IMS1223A-35M 
CERAMIC DIP IMS1223S-45M 


rLAT PACK IMS1223A-45M 


IMS1223M 


PACKAGING INFORMATION 


18 Pin ae Dual-In-Line eae 


sespopipnielaamass 
ae oan 


j<— {>| 
8 equal spaces @ <S —_— Es 
2.03 


0.80 


18 Pin Flat Pack 

at 
ly 
At 


<— D 
y_ C 
A v 
La Bt et et eA > 
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FEATURES 


¢ Full Military Temperature Operating 
Range (-55°C to +125°C) 

« MIL-STD-883C Processing 

¢ 45, 55 and 70 nsec Access Times 

¢ Fully TTL Compatible 

¢ Separate Data Input & Output 

¢ Three-state Output 

¢ Power Down Function 

* Single +5V + 10% Operation 

¢ 20-Pin, 300-mil DIP (JEDEC Std.) 

¢ 20-Pin Ceramic LCC (JEDEC Std.) 


PIN CONFIGURATION 
Az AoVec Ai 


®t pent 
gartice 
e 


733 43 


W VssE O101n) 


CHIP 
CARRIER 


PIN NAMES 


wiwe) WRITE ENABLE 
ice) CHIP ENABLE 


a(dour) DATA OUTPUT 
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IMS1400M 


High Performance 
16K Static RAM 
MIL-STD-883C 


DESCRIPTION 


The INMOS IMS1400M is a high performance 16Kx1 
Static RAM processed in full compliance to MIL-STD- 
883C with access timesas fastas 45nsec andamaximum 
powerconsumption of 660mW. These characteristics are 
made possible by the combination of innovative circuit 
design and INMOS' proprietary NMOS technology. 

The IMS1400M features fully static operation requiring 
no external clocks or timing strobes with equal access and 
cycle times. Additionally, the IMS1400M provides a Chip 
Enable (/E) function that can be used to place the device 
into alow-power standby mode reducing consumption to 
less than 165mW. 

The IMS1400Mis a highspeed VLSI RAM intended for 
military applications which demand superior performance 
and reliability. 


LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
ROW 128 ROWS 
128 COLUMNS 


b—[ coromiroencors_}-P> 


WAL RRE 
©} &} ©] @| @| @ 
— — VY A7 As Ag A10 All Al2 A13 
E (CE) =e 
a 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vsgg. .. 2... —3.5 to 7.0V 
Temperature Under Bias........... —65°C to 135°C 
Storage Temperature (Ambient)... .. —65°C to 150°C 
Power Dissipation. ... ... 1... ee ee eee eee 1W 
DC Output Current.....................000- 50mA 


*Stresses greater than those listed under Absolute Maximum Ratings 
may cause permanent damage to the device This ts a stress rating only 
and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of this specification is 
not implied Exposure to absolute maximum rating conditions for extended 
periods may affect reliability 


DC OPERATING CONDITIONS 


PARAMETER 
Supply Voltage 


Supply Voltage 


Input Logic “1” Voltage 
Input Logic “0” Voltage 


1251 °C 400 Linear ft/min 
transverse air flow 


SYMBOL PARAMETER 
Average Vcc Power Supply Current AC 
Vcc Power Supply Current (Standby) 


tm Input Leakage Current (Any Input) 
Off State Output Leakage Current 


Output Logic “1” Voltage loyr = —4mA 


Output Logic “0” Voltage loyr = 16MA 


AC TEST CONDITIONS? FIGURE 1. OUTPUT LOAD 
20V 
Input Pulse Levels Vss to 3V 
Input Rise and Fall Times é 5ns 
Input and Output Timing Reference Levels 15V 
Output Load See Figure 1 1002 


Note a Operation to specifications guaranteed 2ms after Voc applied 
Q (Dout) 
CAPACITANCE ?(T, = 25°C, f = 1.0MHz) 


row | input Capaorance | «| of | av=o10av 


Note b This parameter is sampled and not 100% tested 


30 pF 
(INCLUDING 
SCOPE AND 
JIG) 


|| Poe 
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ¢ Ta ¢ 125°C) (Vcc = 5.0V +10%) 
READ CYCLE 


SYMBO }1400M-45 400M-45 
: PARAMETER 
Standard) Alternate 


Chip Enable Access Time 


Htavav | tro Read Cycle Time 
Address Access Time 


| MIN | 
[ea 
40 | 
bed 
[Output Hold After Address Change| 3 _| 
Chip Enable to Output Active ie. | 
ce 
0 
al 
peti 


7 Chip Enable to Power Up 
Chip Enable to Power Down 
Pike. - lean | Input Rise and Fall Times 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 
Note d: Device is continuously selected; E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. 
Note j: Parameter guaranteed but not tested. 


tro 
[ton 
tz {chi 
| teoz | tz | Chip Disable to Output Disable 
| teu | chi 
tro 


READ CYCLE 1°4 
2 tAVAV 


A(aDDREss) |} , Bel 


Pins 1-7, 13 - 19 3 tavov 


4 taxox 


VVYVVVYVVVV 
ayparaoun)| —MAAAAXAAXK utp vaio | 


READ CYCLE 2° 
eee een 1 teLav 
Pint MLL LLLLL LLL} 
5 terax 6 teHaz 
— KAA SUTPUT VALIOYinipeoece 
7 tELICCH 


8 tEHICCL 


ACTIVE 


lec 
STANDBY 
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RECOMMENDED AC OPERATING CONDITIONS (—55°C < Ta< 125°C) (Veg = 5.0V + 10%) 


WRITE CYCLE 1: WcontRoLtep" 


400M-45] 1400-55] 14008-70) 
7 UNITS |NOTE 
65 


me 
|__|20} 
ton | DataHold After End of Write | 0} 
lw [Address Setupto Endofwnte [40 [50] 

bs Ga 
ime 
I 


16 twre | Address Hold After End of Write 0} 
Write Enable to Output Disable 0] 
18 Output Active After End of Write 1G) 


Note f: Measured +200mV from steady state output voltage. 

Note g: If W is low when E goes low, the output remains in the high impedance state. 
Note h: Eor W must be 2 Vin during address transitions. 

Note j: Parameter guaranteed but not tested. 


— 
~! 
-~ 
a 
= 
‘@) 
N 
f& | P 
om mee) 


may)» WAANAS = ee 
eT] can ay Twa 


13 
TWHDX 
12 (OH) 
TOVWH 
(tow) 
D (DIN) 
17 
@(DOUT) HIGH IMPEDANCE 
Pin 8 
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RECOMMENDED AC OPERATING CONDITIONS (—55°C < Ta< 125°C) (Voc = 5.0V + 10%) 
WRITE CYCLE 2: E contRottep" 


NO] PARAMETER 
tWeeH Write Pulse Width 
ai 


= 
a 
fo] 
So 
= 
ai 
ary 
f-5 
= 
‘ 
oO 


-45|1400M-55|1400M-7 


”n 


N 


NO 
” 


=) 
n 


NO 
=) 
n 


ine) 
=) 
” 


twa | Address Hold After End of Write 
Address Set-up to Beginning of Write |—5 
twz | Write Enable to Output Disable 


Note f: Measured + 200mV from steady state output voltage. 
Note h: E or W must be = V,, during address transition. 


=) 
” 


— ff BR Epo | pb 
lolalo|Slalals/8 |S e 
NO 
sit; ttt Tye 

za 
Oo 
_ = 
mi 
7) 


=) 
n 


on mflafro]a 
on OI[nAloslo|am]o 
nm 
| {2]afa]r w | 
nmlo}n}{o}w Olan 
i) 
Cc 
S]Ja/5 }a| 2 
a a = 
” 


WRITE CYCLE 2 
19 
TAVAV 
(twe) 
A (ADDRESS) 
post-7z, LK ———C——COP™W ss 
13-19 26 
TAVEL 
E (CE) — | 
Pin 11 25 


TEHAX 

TAVEH 

aw) TWLEH oe 
~—$—_______.. (twr) 


20 


wm AV\KLALVALLANALY WITIZZZZZZZ 


TOVvEH TEHOX 
(tow) (‘OH) 
Pin 12 Rete 
| 27 
TWLOZz 
(tw2) 
DATA UNDEFINED 


Q (DOLIT) 
Pin 8 


HIGH IMPEDANCE 
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DEVICE OPERATION 

_The IMS1400M has two control inputs: Chip Enable 
(E) and Write Enable (W), 14 address inputs, a data in 
(D,) and a data out (Doy7). 

When V¢¢ is first applied to pin 20, a circuit associated 
with the E input forces the device into the lower power 
standby mode regardless of the state of the E input. 
After Vcc is applied for 2ms the E input controls device 
selection as well as active and standby modes. 

With E low, the device Is selected and the 14 address in- 
puts are decoded to select one memory Cell out of 16,385. 
READ and WRITE operations on the memory cell are 
controlled by W input. With E high, the device is deselected, 
the output is disabled, and the power consumption is 
reduced to less than ¥% of the active mode power. 


READ CYCLE a _ 

A read cycle is defined as W = V,, min with E< Vi, max. 
Read access time is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform on page 3 shows a read 
access that is initiated by a change in the address inputs 
while E is low The output remains active throughout a 
READ CYCLE 1 and is valid at the specified address 
access time. As long as E remains low, the cycle time is 
equal to the address access time. 


The READ CYCLE 2 waveform on page 3 shows a read 
access that is initiated by Egoing low. As long as address 
is stable within 5ns after E goes low, valid data is at the 
output at the specified Chip Enable access time. If address 
is not valid within 5ns after E goes low, the timing is 
as specified in the READ CYCLE 1. Chip Enable access 
time is not affected by the duration of the deselect interval. 

I 


WRITE CYCLE 

Awrite cycle is initiated by the latter of WorE going low, 
and terminated by W (WRITE CYCLE 1) or E (WRITE 
CYCLE 2) going high. During the write cycle, data on the 
input (Din) Is written into the selected cell, and the output 
(Dour) is in high impedance. 

If a write cycle is initiated by W going low, the address 
must be stable for the WRITE CYCLE 1 set-up time. Ifa 
write cycle is initiated by E going low, the address must 
be held stable for the entire write cycle. After W or Egoes 
high to terminate the cycle, addresses may change. If 
these address set-up and hold times are not met, contents 
of other cells may be altered in unpredictable ways. 

WRITE CYCLE 1 waveform on page 4 shows a write 
cycle terminated by W going high. Din Set-up_and hold 
times are referenced to the rising edge of W. With W 
high, Doyr becomes active. 

WRITE CYCLE 2 waveform on page 5 shows a write 
cycle terminated by E going high. Diy set-up_and hold 
times are referenced to the rising edge of E. With E 
high, Dour remains in the high impedance state. 


APPLICATION 

To ensure proper operation of the extended tempera- 
ture IMS1400M in a system environment, it is recom- 
mended that the following guidelines on board layout 
and power distribution be followed. 


POWER DISTRIBUTION 

The recommended power distribution scheme com- 
bines proper power trace layout and placement of de- 
coupling capacitors. The impedance in the decoupling 
path from the power pin (20) through the decoupling 
Capacitor, to the ground pin (10) should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling capacitor. 

To reduce the power line impedance, it is recommended 
that the power trace and ground trace be gridded or 
provided by separate power planes. The high frequency 
decoupling capacitor should have a value of 0.1nF, and 
be placed between the rows of memory devices in the 
array (see Figure 2). A larger tantalum capacitor with a 
value between 22uF and 47pF should be placed near the 
memory board edge connection where the power traces 
meet the backplane power distribution system. These 
large capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off 
the memory board and at the end of along inductive path. 

Also, to prevent loss of signal margins due to differ- 
ential ground noise, the ground grid of the memory array 
should be extended to the TTL drivers in the peripheral 
circuitry. 


528 


TERMINATION 

Trace lines on a memory board in the array look to TTL 
driver, signals like low impedance, unterminated trans- 
mission lines. In order to reduce or eliminate the reflec- 
tions of the TTL signals, line termination is recommended. 
The termination-may be either parallel or series but the 
series termination technique has the advantages of draw- 
ing no DC current and using a minimum of components. 
The recommended technique is to use series termination. 

A series resistor in the signal line at the output of the 
TTL driver to match the source impedance of the TTL 
driver to the signal line will dampen the reflections on 
the line. The line should be kept short with the driver- 
termination combination close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 100 to 300 range will be required. 

The use of proper power distribution techniques, 
including adequate use of decoupling capacitors, along 
with proper termination of TTL driver outputs, are some 
of the most important, yet basic rules to be followed. 

The rules are intended to maintain the operating mar- 
gins of all devices on the memory board by providing a 
quiet environment relatively free of noise spikes and 
signal reflections. 
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CAPACITOR 


Vcc 


Vss 


Voc: Vss GRID SHOWING 
DECOUPLING CAPACITORS 
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IMS1400M 


Formed flat-pack gold 
Formed flat-pack — solder 
LCC gold 
Cerdip solder 
Small outline, J-bend solder 
PGA gold 
Small outline, Gull wing solder 
PLCC, J-bend solder 
Sidebraze ceramic DIP solder 
Ceramic LCC solder 
Plastic DIP solder 
Sidebraze ceramic DIP gold 
(Skinny) Flat-pack solder 
Ceramic LCC gold 
(Skinny) Flat-pack gold 
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ORDERING INFORMATION 


PART NUMBER 
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CERAMIC DIP 
CERAMIC LCC 


CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 


IMS1400S-45M 
IMS1400N-45M 
IMS1400S-55M 
IMS1400N-55M 
IMS1400S-70M 
IMS1400N-70M 


IMS1400M 


PACKAGING INFORMATION 


<—$E—>| 


9 equal spaces @ <«S 
2.94 
0.100 


20 Pin Leadless Chip Carrier 


B1 


> 


el 
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FEATURES 


¢ INMOS' Very High Speed CMOS 

¢ Advanced Process - 1.6 Micron Design Rules 

¢ Specifications guaranteed over full military 
temperature range (-55° C to +125° C) 

* 16K x 1 Bit Organization 

¢ 35, 45, 55 nsec Access Times 

¢ Fully TTL Compatible 

¢ Separate Data Input & Output 

¢ Three-state Output 

¢ Single +5V + 10% Operation 

¢ Power Down Function 

« Pin Compatible with IMS1400M 

¢ Standard Military Drawing version available 

¢ 20-Pin, 300-mil DIP & LCC (JEDEC Std.) 


¢ Battery Backup Operation - 2V Data Retention © 


(L version only) 


PIN CONFIGURATION 


A, A, A, 
Ay 20[—] Voc 
A, A, 
A, Ay 
A, A, 
A, A, 
A A 
10 9 
A. A,, 
Q A, 
W 12f_] D 
Vs Co ne 
DIP 
PIN NAMES 
WSWRITEENABLE [Vcc POWER i 
[E __—SCHIPENABLE ~—[Vss GROUND. | 
jo arawor 
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LOGIC SYMBOL 


IMS1403M 
IMS1403LM 


CMOS 

High Performance 
16K x 1 Static RAM 
MIL-STD-883C 


DESCRIPTION 


The INMOS IMS1403M is a high speed 16K x 1 
CMOS static RAM processed in full compliance to 
MIL-STD-883C. The IMS1403M provides maximum 
density and performance enhancements with the 
additional CMOS benefits of lower power and superior 
reliability. 

The IMS1403M features fully static operation 
requiring no external clocks or timing strobes, and equal 
address access and cycle times. Additionally, the 
IMS1403M provides a Chip Enable (/E) function that 
can be used to place the device into a low-power 
standby mode. 

The IMS1403LM is a low power version offering 
battery backup data retention operating from a 2 volt 


supply. 


BLOCK DIAGRAM 


Ay Poe Voc 
A, Pam Ves 
A,.-12-5 
A ROW MEMORY ARRAY 
2 SELECT 128 ROWS 
A, 128 COLUMNS 
A, Pm 
A, 
D >. COLUMN I/O >, 
COLUMN SELECT 
NHAEERR 
Ag Ag Ag Ayo Ars Aiz Aig 
o 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vgo......... -2.0 to 7.0V *Stresses greater than those listed under "Absolute Maximum 
Voltage On Q.......esssssssessessesesseseeees -1.0 to (Vec+.5)V sl ae ag sea Labdacl oe _ Ls isch is a 
H ~&5o ° siress raling oniy unciional operalion o 6 aevice ese or 
Temperature Under Bias................ 55° . to 125°C aig colher ‘conditiond ‘ebeva’ inode indicsied iw the ‘eperalional 
Storage Temperature Seacenseercrgagee ese -65° C to 150°C sectione of this specification is not implied. Exposure to absolute 
Power Dissipation...............ccccsssscesssssresseessseesees 1W maximum rating conditions for extended periods may affect reliability. 
DC Output Currentt..............ccccccccssesceessnesnees 25mA 
(One Second Duration) 


DC OPERATING CONDITIONS 


| Yoo | Supplyvottage | 45 
| Vss | SupplyVoltage | 
| 20 | 
1.0" 


NOTES 


Allinputs 


400 linear ft/min air flow 


cc 
Input Logic "1" Voltage 
Input Logic "0" Voltage 


Ambient Operating Temperature 


* VIL Min = -3.0V for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (-55°C s Ta < 125°C) (Voc = 5.0V+ 10%) 3 


SYMBOL PARAMETER | MAX | UNITS NOTES 
Average Vcc Power tavav =tavav (min) 
Supply Current 
Voc Power Supply Current E = Vj} All other inputs at 
CC2 | (Standby,Stable TTL Input Levels) Vins Vip or 2Vinyg 
leog Voc Power Supply Current 
(Standby, Stable CMOS Input Levels) 


, Voc Power Supply Current 
CC4 | (Standby, Cycling CMOS Input Levels) 


E> (Voc - 0.2) All other inputs at 
Vins0.2 or 2(Voc -0.2V) 


E> (Voc - 0.2) Inputs cycling at 
Vin $0.2 or 2(Voc -0.2V) 


Es 
Ey 
ES 
on 
sii Vin= Vss to Voc 


NLK Input Leakage Current (Any Input) 


Off State Output Leakage Current 
Output Logic "1" Voltage 


Output Logic "0" Voltage 


Note a: Iog is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


Voc = max 
Vin = Vss to Voc 


AC TEST CONDITIONS CAPACITANCE) (T, = 25°C, f = 1.0MHz) 


PARAMETER | MAX| UNITS | CONDITIONS 
nputCapaciance | 4 | PF | aV=0t0aV 
Output Capacitance 4 | pF | AV =0to 3V 


Input Pulse Levels 
Input Rise and Fall Times 


Input and Output Timing Reference Levels................s00 1.5V 
Output Load See Figure 1 


IMS1403M/1403LM 


RECOMMENDED AC OPERATING CONDITIONS (-55°C s Ta < 125°C) (Voc = 5.0V +10%) 
READ CYCLE? 


SYMBOL 
PARAMETER 


Chip Enable Access Time 


IMS1403M45 | IMS14 


taVAV Read CycleTime 
tavav Address Access Time 
| taxax | ton | Output Hold After Address Change 
tELaX Chip Enable to Output Active 
Chip Disable to Output Inactive 
7 | teticcH Chip Enable to Power Up 
T 


tEHICCL | tpp Chip Enable to Power Down 
| | sty | Input Rise and Fall Times 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between V), max and Vj; min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between Viz; to Viy_ or Viz_ to Viz in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


| lelel*l>| |e] BF 
siz] |e) | |s| ieee 
& 


~ 


READ CYCLE 1°49 


4 taxax ° 


awataoun [___ XXXXXX 


READ CYCLE 2° 


E 


. Q (DATA OUT) 


ACTIVE 8 tEHICCL 


loc 
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RECOMMENDED AC OPERATING CONDITIONS (-55°C <T, s 125°C) (Voc = 5.0V+10%) 
WRITE TE OYGEE Us 1: WCONTROLLED?" 


——SwBol__ sraoaM3s._[masiacomas | was1a02Mss 


Standard _ PARAMETER 
TAVAV Write Cycle Time — 
ag Write Pulse Width 


tELWH ow Chip Enable to End of Write 
Data Set-up to End of Write 


es Data Hold After End of Write 
| taw | Address Set-up to End of Write 
=e. Address Set-up to Beginning of Write 


om 
z 
on 


9 | 
13 | 


Address Hold After End of Write 
Write Enable to Output Disable 
ren Output Active After End of Write 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: Eand W must transition between Vjy to Vip or Vit to Vy in a monotonic fashion. 
Note h: E or W must be > Vj}; during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 1 
9 tAVAV 
ADDRESS 


11 tELWH 


AAA AIILLLLLLL/ 


agree 14 tAVWH 16 twHAXx 
15 tavWL * 10 twLWH 
> SAAN 


See eee eee 
D(DATAINN | ATA VALID 


17 tWwLaz 18 twHax 


Q (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE Y 


mi 


=| 
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RECOMMENDED AC OPERATING CONDITIONS (-55°C sT,$ 125°C) (Voc = 5.0V 410%) 
WRITE CYCLE 2: E CONTROLLED 2" 


10. sae | PARAMETER 
19| twvav | two | WitecyceTime 
20 | twen | twe | WetePuisewth 
21 | teen | tow | ChipEnabletoEndotWate | 
22 
23 | toH 
24 | taw 


5 
> 
8 
= 
& 


| tpveH | tow | Data Set-upto End of Write 

a 
vet [uy | Adie ant cnelie — 
5 | tse | wm | teas ltrentve 
as [ver | ug | Aes Soi airing [0 


[a7 | tmaz | twz | waeEnbeiccupadiasie | © [2 


Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between Viz to Viy_ or Viz_ to Vizy in a monotonic fashion. 
Note h: E or W must be 2 Vi during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


B 
3 
elt ttt tie 
a 


WRITE CYCLE 2 19 tavav 


26 


-_ pn 


WAAAY 77777777 
poatan) [SX DATA VALID X 


27 ‘WLQZ 


HIGH IMPEDANCE 
Q (DATA OUT) DATA UNDEFINED 
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DEVICE OPERATION 


The IMS1403M has two control inputs, Chip Enable 
(/E) and Write Enable (/W), 14 address inputs (AO -A13), 
a Data In (D) and a Data Out (Q). The /E input controls 
device selection as well as active and standby modes. 
With /E low, the device is selected and the14 address 
inputs are decoded to select one bit out of 16K bits. 
Read and Write operations on the memory cell are 
controlled by the /W input. With /E high, the device is 
deselected, the outputs are disabled and the power 
consumption is reduced to less than one-fourth of the 
active mode power with TTL levels and even lower with 
CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Viyq min with /E < Vi 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while 
/E is low. The output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
and long as /E remains low, the cycle time is equal to the 
address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the output at 
the specified Chip Enable Access time. If address is not 
valid when /E goes low, the timing is as specified in 
READ CYCLE 1. Chip Enable access time is not 
affected by the duration of the deselect interval. 


WRITE CYCLE 


The write cycle of the IMS1403M is initiated by the 
latter of /E or /W to transition from a high to a low. In the 
case of /W falling last, the output buffer will be turned on 
te_ax after the falling edge of /E (just as in a read cycle). 
The output buffer is then turned off within twiaqz of the 
falling edge of /W. During this interval, it is possible to 
have bus contention between devices with D and Q 
connected together in a common I/O configuration. 
Contention can be avoided in a carefully designed 
system. During a write cycle, data on the input is written 
into the selected cells and the output is floating. 


WRITE CYCLE 1 waveform shows a write cycle 
terminated by /W going high. Data set-up and hold 
times are referenced to the rising edge of /W. When /W 
goes high at the end of the cycle with /E active, the 
output of the memory becomes active. The data from 
the memory will be the same as the input data unless 
the input data or address changes. 


WRITE CYCLE 2 waveform shows a write cycle 
terminated by /E going high. Data set-up and hold 
times are referenced to the rising edge of /E. With /E 
high the outputs remain in the high impedance state. 


APPLICATION 


It is imperative when designing with any very high 
speed memory, such as the IMS1403M, that the 
fundamental rules in regard to memory board layout be 
followed to ensure proper system operation. 


DATA RETENTION (L version only) (-55°C s T as 125°C) 


[syMBoL | PARAMETER ——_—| MIN| 
|Yor | DataRetention Voltage | 20 | 
|!ccort_| DataRetentionCurent | 
|lccpre | DataRetention Curent | 
Lo 
tac 


tEHVCCL | Deselect Time (tcpr) 
Recovery Time (tp) 


“Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 


| WA |Voo=30vets 
| uA |Voo=20vets 
aes j,k (tro = Read Cycle Time) 


Note k: Supply recovery rate should not exceed 100mV per pS from Vpp to Vcc min. 


LOW Vcc DATA RETENTION 
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POWER DISTRIBUTION 


The recommended power distribution scheme 
combines proper power trace layout and placement of 
decoupling capacitors to maintain the operating margins 
of the IMS1403M. The impedance in the decoupling 
path from the power pin through the decoupling 
capacitor to the ground pin should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling 
capacitor. 

Since the current transients associated with the 
operation of the high speed IMS1403M have very high 
frequency components, the line inductance is the 
dominating factor. To reduce the line inductance, the 
power trace and ground trace should be gridded or 
provided by separate power planes. The decoupling 
capacitor supplies energy for high frequency current 
transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad, and be placed between each row of 
devices in the array (see drawing). A larger tantalum 
capacitor, with a_ sufficient value to eliminate low 
frequency ripple, should be placed near the memory 
board edge connection where the power traces meet 
the backplane power distribution system. These larger 
capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off 
the memory board and at the end of a long inductive 
path. 

The ground grid of the memory array should extend 
to the TTL periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 


TERMINATION 


Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the 
lines, especially low going TTL signals, line termination 
is recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series 
termination. The series termination technique has the 
advantage of drawing no DC current and using a 
minimum number of components. This is accomplished 
by placing a series resistor in the signal line at the 
output of the TTL driver to dampen the reflection on the 
line. The resistor should be placed as close to the driver 
package as is practical. The line should be kept short by 
placing the driver-termination combination close to the 
memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of 
resistance should therefore be selected empirically. 


“ DEVICE 


CAPACITOR 


PP GF ~ BEE CRD BW LUNES. 
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FIGURE 1. OUTPUT LOAD 
Formed flat-pack 5.0V 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend ae 
PGA 
Small outline, Gull wing Q (Dour) 
PLCC, J-bend 
Sidebraze ceramic DIP 1670 TCteBnIG 
Ceramic LCC 
Plastic DIP | FIXTURE) 


<SHAHNVZACLOAMIONOD>Y 


Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


Standby (Isb) 


Standard Military Drawing version available, see SMD Reference Guide 


ORDERING INFORMATION 


PART NUMBER 
Ce | SPEED laces STANDARD LOW POWER 


IMS 1403M 
IMS 1403LM 


CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 


IMS1403S-35M 
IMS1403N-35M 
IMS1403S-45M 
IMS1403N-45M 
IMS1403S-55M 


IMS1403N-55M 


IMS1403LS35M 
IMS1403LN35M 
IMS1403LS45M 
IMS1403LN45M 
IMS1403LS55M 
IMS1403LN55M 


IMS1403M/1403LM 


PACKAGING INFORMATION 


20 Pin Ceramic Dual-In-Line 


<—Ej—>| 
9 equal spaces @ <S 
2.54 


0.100 


20 Pin Leadless Chip Carrier 


B1 


> 


el 
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FEATURES 


Full Military Temperature Operating 
Range (-55° © to + 125° C) 
MIL-STD-883C Processing 

4Kx4 Bit Organisation 

55 and 70 nsec Access Times 
Fully TTL Compatible 

Common Data Input and Output 
Three-state Output 

Power Down Function 

Single +5V + 10% Operation 
20-Pin, 300-mil DIP (JEDEC Std.) 
20-Pin Ceramic LCC (JEDEC Std.) 


PIN CONFIGURATION 


9 10 1112 


E Vss W 1Q, 


DIP CHIP 
CARRIER 


PIN NAMES 


IMS1420M 
High Performance 


4Kx4 Static RAM 
MIL-STD-883C 


DESCRIPTION 


The INMOS IMS1420M is a high performance 4Kx4 
Static RAM processed in full compliance to MIL-STD- 
883C with access times of 55ns and 70ns and amaximum 
power consumption of 66O0mW. These characteristics are 
made possible by the combination of innovative circuit 
design and INMOS' proprietary NMOS technology. 

The IMS1420M features fully static operation requir- 
ing no external clocks or timing strobes with equal access 
and cycle times. Additionally, the IMS1420M provides a 
Chip Enable (/E) function that can be used to place the 
device into a low-power standby mode reducing con- 
sumption to less than 165mW. 

The IMS1420M is a high speed VLSI RAM intended 
for military applications which demand high performance 
and reliability. 


LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
128 ROWS 
128 COLUMNS 


THWWR 


PE curewece [SS 


m| 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vsg ....... —3.5 to 7.0V 
Temperature Under Bias....... . ~65°C to 135°C 
Storage Temperature (Ambient) . -65°C to 150°C 
Power Dissipation... 0.0... 0... cc eee ee 1W 
DC Output Current... 2... 0 J... eee ce, 50mA 


*Stresses greater than those listed under Absolute Maximum Ratings 
may Cause permanent damage to the device Thisisa stress rating only and 
functional operation of the device at these or any other conditions above 
those indicated tn the operational sections of thts specification ts not 
implied Exposure to absolute maximum rating conditions for extended 
periods may affect reliability 


DC OPERATING CONDITIONS 


| PARAMETER | MIN| TYP [MAX|UNITS| NOTES 
| Voc | Suppyvoltage dS | Of 55} Vv | 
[Ves | Supplyvotage dF oP of oo] Vv | 
|W | inputLogic'i"Voltage 2.4] fof v | Allinputs 
Vv, | inputLogic“O" voltage 2.0} 0.8 | | Allinouts 


mF Ambient Operating Temperature =) 125 °C 400 Linear ft/min 
transverse air flow 


PARAMETER 
Average Vec Power Supply Current AC te 
Voc Power Supply Current (Standby) E>Vi_y min 
V, 


Vin = Vss to Voc 
Off State Output Leakage Current Vec = max 
Vout = Vsg t0 Voc 


Output Logic "I" Voltage loyr=—4ma | 24} | v fo 
Output Logic"O" Voltagelyr= ema | fos} v [oo 


aS 
< 


< 


ne) 
N10 


[MIN|MAX|UNITS| NOTES | 
| fi2zof mA | te=temin 
a 


= 


— 
=) 


AC TEST CONDITIONS? FIGURE 1. OUTPUT LOAD 
uk 5 OV 
Input Pulse Levels Vgs to 3V 
Input Rise and Fall Times f 5ns 
Input and Output Timing Reference Levels - 15V 4800 
Output Load See Figure 1 
Note a Operation to specifications guaranteed 2ms after Vcc applied 
1/0 
CAPACITANCE? (T, = 25°C, f = 1.0MHz) 
SOpF 


Note b This parameter ts sampled and not 100% tested 


Input Capacitance 4 pF | AV =Oto 3V 
E 
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RECOMMENDED AC OPERATING CONDITIONS (—55°C < T,< 125°C) (Voc = 5.0V + 10%) 
READ CYCLE 


| IMS1420N-55 | 
SYMBOL PARAMETER MIN 
| Chip Enable Access Time —_ 


n” 


=) 


=) 


=) 


=) 


a) 


[Chip EnabletoPowerUp | | 
[Chip Disable to Power Down | 0 | 
[InputRise and Fall Times 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 
Note d: Device is continuously selected; E low. 

Note e: Measured between Vj max and V4 min. 

Note f: Measured t200mV from steady state output voltage. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°° 


mo) 


=) 


= ~ 
an mn [dw (=) 


a) 


a) 
wn 


2) 

=. 

xe) 

Oo 

7) 

a) 

S 

© 

o 

O 

= 

se) 

= 

YO 

7) 

o) 

o 

co) 
oy wn nh on nn 
ro) On on on on 
On ~ wo ~ ~N 
io) i=) Oo oO © 

=) 


=) 


ADDRESS 
Pins 1-8, 
16-19 


Pins 12-15 A XX) DATA VALID 


READ CYCLE 2° 


(1) 
tacs 


pin ALLL LLLLL LY 


(5) (6) 
lz tHe HIGH 


as sssuecewes {XXX nave sa 
] - 


(9) (10) 
trcs tron 


STANDBY 
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RECOMMENDED AC OPERATING CONDITIONS (—55°C < T,< 125°C) (Vee = 5.0V * 10%) 
WRITE CYCLE 1: WcontTROLLep? 


2) 


| IMS1420M-55 | IMS1420M-70 | 
INO, SYMBOL PARAMETER si asi 


twc 
Chip Enable to End of Write 


Data Set-up to End of Write 


aE Nor 
ae 
— 
= 
|| 30 | 

fos Data Hold After End of Write ! 
cS 
ae 
pod 


Oo 


on 
on 


on 
on 


on 
\) 


Ww 


Fs [Address Set-up to Beginning of Write | 0 | | 0 | 
ft | White Enableto Output Disable | 0 | 25 | | 
: OutputAcive After Endofwate | 0 | | _o | 


Note f. Measured + 200mV from steady state output voltage. 
Note g. If E goes high with W low, Output remains in HIGH impedance state 
Note h:' E or W must be = Vi, during address transitions. 


(o,) 


_ 


f 


ee ee 
js | | 
pons | 

ns | | 

os | 
pons || 
cn ee 
pons | 
ps | ot 
pms | io | 


WRITE CYCLE 1 


ADDRESS 
Pins 1-8, 
16-19 


pnd ANA\AN ALILLLLLLL. 


W 
Pin 11 


DATA IN 
Pins 12-15 


(20) 


tow 
‘pins 12-45 —— ae 
Pins 12-15 
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IMS1420M 


RECOMMENDED AC OPERATING CONDITIONS (—55°C < T,< 125°C) (Veg = 5.0V * 10%) 


WRITE CYCLE 2: Econtrottep" 


PARAMETER | IMS1420M-55 | IMS1420M-70 
Write Cycle Time 


Write Pulse Width 
Chip Enable to End of Write 


: 


Note f: Measured + 200mV from steady state output voltage. 
Note h:E or W must be = V,, during address transitions. 


n 


moO pPR FR To 
nn aH ny nitEnim 


WRITE CYCLE 2 


(21) 
twe 


— SS. 


16-19 (28) 
tas 
El \ 
Pin 9 


(26) 


taw (22) 
twe 


pint) MAXANAAAAAAAAAAN 


(27) 
twr 


ALSLLLLLLLL3 


(24) (25) 
tow tou 


Pins 12-15 


| (29) 
twz 


Pins 12-15 


HIGH IMPEDANCE 
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DEVICE OPERATION 

_The IMS1420M has two control inputs, Chip Enable 
(E) and Write Enable (W), twelve address inputs, and 
four Data I/O lines. 

When Vec Is first applied to pin 20, a circuit associated 
with the E input forces the device into the lower power 
standby mode regardless of the state of the E input. After 
Vec Is applied for 2ms the E input controls device selection 
as well as active and standby modes. 

With E low, the device is selected and the twelve ad- 
dress inputs are decoded to select one 4-bit word out of 
4096. READ and WRITE operations on the memory cell 
are controlled by W input. With E high, the device is 
deselected, the output is disabled, and the power con- 
sumption 1s reduced to less than one-third of the active 
mode power. 


READ CYCLE at 7 

A read cycle is defined as W => Vix, min with'E < Vi 
max Read access time is measured from either E going 
low or from valid address. 

The READ CYCLE 1 waveform on page 3 shows a read 
access that is initiated by a change in the address inputs 
while E is low. The output remains active throughout 
READ CYCLE 1 and is valid at the specified address 
access time. The address inputs may change at access 
time and the output remains valid for a minimum of 3ns. 
As long as E remains low, the cycle time 1s equal to the 
address access time. 

The READ CYCLE 2 waveform on page 3 shows a 
read access that Is initiated by E going low. As long as 
address Is stable within 5ns after E goes low, valid data 
is at the output at the specified Chip Enable access time. 
lf address ts not valid within 5ns after E goes low, the 
timing is as specified in the READ CYCLE 1. Chip Enable 
access time is not affected by the duration of the deselect 
interval. 


WRITE CYCLE ae 

A write cycle is initiated by the latter of W or E going low, 
and terminated by W (WRITE CYCLE 1) or E (WRITE 
CYCLE 2) going high. During the write cycle, data on 
the inputs is written into the selected cells, and the out- 
puts are floating. 

If a write cycle Is initiated by W going low, the address 
must be stable for the WRITE CYCLE 1 set-up time. Ifa 
write cycle 1s initiated by E going low, the address need 
not be stable until a maximum of 5ns after E goes low 
The address must be held stable for the entire write cycle. 
After W or E goes high to terminate the write cycle, 
addresses may change. If these address set-up and hold 
times are not met, contents of other cells may be altered 
in unpredictable ways. . 

WRITE CYCLE 1 waveform on page 4 shows a write 
cycle terminated by W going high. Diy set-up and hold 
times are referenced to the rising edge of W. With W 
high, the outputs become active. When W goes high 
at the end ofa write cycle and the outputs of the memory 
go active, the data from the memory will be the same 
as the data just written into the memory. Thus, no data 
bus contention will occur. 

WRITE CYCLE 2 waveform on page 5 shows a write 
cycle terminated by E going high. Data set-up and hold 
times are referenced to the rising edge of E. With E high, 
the outputs remain in the high impedance state. 
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APPLICATION 


Fundamental rules in regard to memory board layout 
should be followed to ensure maximum benefit from the 
features offered by the IMS1420M Static RAM. 


POWER DISTRIBUTION 

The recommended power distribution scheme combines 
proper power trace layout and placement of decoupling 
Capacitors to maintain the operating margins of the 
IMS1420M. The impedance in the decoupling path from 
the power pin (20) through the decoupling capacitor, 
to the ground pin (10) should be kept to a minimum. 
The impedance of this path is determined by the series 
impedance of the power line inductance and the induct- 
ance and reactance of the decoupling capacitor. 

Since the current transients associated with the opera- 
tion of the high speed IMS1420M are high frequency, the 
line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor acts as a low impedance power sup- 
ply located near the memory device. The high frequency 
decoupling capacitor should have a value of 0.1uF, and 
be placed between the rows of memory devices in the 
array (see drawing). A larger tantalum capacitor with a 
value between 22uF and 47uF should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distribution system. 
These larger capacitors provide bulk energy storage 
to prevent voltage drop due to the main supply being 
located off the memory board and at the end of a long 
inductive path. 

The ground grid of the memory array should extend 
to the TTL driver periphery circuit. This will provide a 
solid ground reference for the TTL drivers and prevent 
loss of operating margin of the drivers due to differential 
ground noise. 


‘ DEVICE 


CAPACITOR 


re oa%ev ota 


Vcc: Vss GRID SHOWING 
DECOUPLING CAPACITORS 


TERMINATION 

Trace lines on a memory board in the array look to TTL 
driver signals like low impedance, unterminated trans- 
mission lines. In order to reduce or eliminate the reflec- 
tions of the TTL signals propagating down the lines, 
‘ especially low going TTL signals, line termination is recom- 
mended. The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum of 
components. This ts accomplished by placing a series 
resistor in the signal line at the output of the TTL driver 
to dampen the reflection on the line. The line should 
be kept short by placing the driver-termination combi- 
nation close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 109 to 300 range will be required. 

Proper power distribution techniques, including ade- 
quate use of decoupling capacitors, and proper termina- 
tion of TTL drive outputs, are some of the most important, 
yet basic guidelines that need to be followed when de- 
signing and building a memory board. The guidelines are 
Intended to maintain the operating margins ofall devices 
on the memory board by providing a quiet environment 
free of noise spikes and signal reflections. 


IMS1420M 
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IMS1420M 


Formed flat-pack gold 
Formed flat-pack solder 
LCC gold 
Cerdip solder 
Small outline, J-bend solder 
PGA gold 
Small outline, Gull wing solder 
PLCC, J-bend solder 
Sidebraze ceramic DIP solder 
Ceramic LCC solder 
Plastic DIP solder 
Sidebraze ceramic DIP gold 
(Skinny) Flat-pack solder 
Ceramic LCC gold 
(Skinny) Flat-pack gold 
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ORDERING INFORMATION 


CERAMIC DIP IMS1420S-55M 


IMS 1420M CERAMIC LCC | IMS1420N-55M 
CERAMIC DIP | IMS1420S-70M 
CERAMIC LCC | IMS1420N-70M 


IMS1420M 


~~ PACKAGING INFORMATION 


20 Pin Ceramic Dual-In—-Line 


|_Inches | mm __| 
Nom | To!_| Nom | Tol__ 


A 


<—E4—>| 


<S 


_ 
9 equal spaces @ 
2.54 


0.100 


20 Pin Leadless Chip Carrier 


Bt 


> 


el 
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eLL. 

SEEEEE © 
TTT 
TLL 
TIL 
TTT 
TILL 
TT 


mmos: 


FEATURES 


¢ INMOS' Very High Speed CMOS 

* Advanced Process - 1.6 Micron Design Rules 

¢ Specifications guaranteed over full military’ 
temperature range (-55° C to + 125° C) 

* 4K x 4 Bit Organization 

« 35, 45, and 55 nsec Access Times 

* Single +5V + 10% Operation 

* Power Down Function for Low Standby Power 

¢ Fully TTL Compatible 

¢ Common Data Input and Output 

¢ Three-state Output 

¢ Standard Military Drawing version available 
(refer to page B-7) 

* 20-Pin DIP, LCC (JEDEC Std.) and FP 

¢ Pin Compatible with IMS1420M 


PIN CONFIGURATION 


AS A4Vcc A3 


9 10 1112 


E vas W Wy, 
DIP and CHIP 
FLAT PACK CARRIER 
PIN NAMES 


rE caremee [ST 


November 1989 


LOGIC SYMBOL 


m| 


=| 


IMS1423M 
CMOS 

High Performance 
4K x 4 Static RAM 
MIL-STD-883C 


DESCRIPTION 


The INMOS IMS1423M is a high speed 4K x 4 
CMOS static RAM processed in full compliance to MIL- 
STD-883C. The IMS1423M provides maximum density 
and performance enhancements to existing 16K applica- 
tions. 

The IMS1423M features fully static operation requir- 
ing no external clocks or timing strobes, and equal ad- 
dress access and cycle times. Additionally, the 
IMS1423M provides a Chip Enable (/E) function that can 
be used to place the device into a low-power standby 
mode. 

The IMS1423M is a VLSI static RAM intended for 
military applications that demand high performance and 
superior reliability. 


BLOCK DIAGRAM 


MEMORY ARRAY 
128 ROWS 
128 COLUMNS 
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IMS1423M 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V 
Voltage On WO... ceeeseeeeees -1.0 to (Vcc+0.5)V 
Temperature Under Bias................ -55° C to 125°C 
Storage Temperature ................080 -65° C to 150°C 
Power DiSSiPation...............csscsseesseeseeceeseeenees 1W 
DC Output Current... ce cesssssssreceeesesnenes 25mA 


(One output at a time, one second duration) 


DC OPERATING CONDITIONS 


| | PARAMETER 
Supply Voltage 
| Ves 


Input Logic "1" Voltage 


Vit Input Logic "0" Voltage 


Ambient Operating Temperature 


*Vi_min = -3 volts for pulse width <20ns, note b. 


| 50 | 

Vss__| Supply Voltage | | | 
ae 
a 
| 25 


*Stresses greater than those listed under "Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


wax | uwrs | _nores 
Tsspv | 

2 
vexos[ Vv | Alioputs 
Dos |v) Alinputs 


DC ELECTRICAL CHARACTERISTICS (-55°C ¢ Tas 125°C) (Vcc =5.0V + 10%)* 


SYMBOL PARAMETER 


Icc1 Average Vcc Power 
Supply Current 


Vcc Power Supply Current 
Icc2 (Standby,Stable TTL Input Levels) 


Vcc Power Supply Current 
Icc3 (Standby, Stable CMOS Input Levels) 


Icc4 Vcc Power Supply Current 
(Standby, Cycling CMOS Input Levels) 


Input Leakage Current (Any Input) 
Off State Output Leakage Current 


tAVAV = 35ns 

tAVAV = 45ns 

tAVAV = 55ns 

E 2 Vin. All other inputs at 
Vin ¢ Vit or 2 Vin 


tAVAV = 35ns 

tAVAV = 45ns 

tAVAV = 55ns 

E 2 (Vcc - 0.2). all other ilnputs cycling 
at Vin < 0.2 or 2 (Vcc- 0.2V) 


Vcc = max 
Vin = Vss to Vcc 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


AC TEST CONDITIONS 


Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference Levels..1.5V 
Output Load See Figure 1 
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CAPACITANCE? (Ta=25°C, f=1.0MHZ) 


SYMBOL| PARAMETER [MAX 
AV =0t08V 


Note b: This parameter is sampled and not 100% tested. 


UNITS CONDITIONS 


/E Capacitance | 6 pF 


AV =0 to 3V 


IMS1423M 
RECOMMENDED AC OPERATING CONDITIONS (-55°C s Ta s 125°C) (Vec = 5.0V 410%) 


READ CYCLE ° 


A R UNITS 
dadeahalen SE re | uN | NoTES| 


1 | terav_| tos | chip Enable Acoess Time | fast fas] [ss] ns | 
f2|tavav | tac |Readoyetme | a5} | as | | ss] | ns | 
13 | tvov | ta |AddessAccesstime || 85 || a8 | 
[4| texox | ton louputiotdAateraddesschange | 3 | | 3 | 
jtevax | tz [Chipenabletooupuacive | | | 5 | 
jteHaz | Hz [ChipDisabletoOuputinacive | | 20 | 0 | 20 
7| teuccH | tru _|ChpEnabletoPowerup | | | Oo | 
| tro__|en EIS 
| so] | 80 


tEHICCL Chip Enable to Power Down 
Lee Input Rise and Fall Times 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between Vi, max and Vi min. 

Note f: Measured t200mV from steady state output voltage. Load capacitance ts SpF. 
Note g: E and W must transition between Vj14 to Viy_ or Viz_ to Vipin a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°° 


ee i i Ce 


4 taxax 


vowataou [—____ XXXXXX OUTPUT VALI 


READ CYCLE 2° 


E 
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IMS1423M 


RECOMMENDED AC OPERATING CONDITIONS (-55°C < T, < 125°C) (Voc = 5.0V+10%) 
WRITE CYCLE 1: W CONTROLLED?" 


SYMBOL 
3 


4 


UNITS | NOTES 


WHAX Address Hold After End of Write 
WLQZ Write Enable to Output Disable 
twHOX Output Active After End of Write 


Note f: Measured t200mV from steady state output voltage. Load capacitance ts 5pF. 
Note g: E and W must transition between Vj to Vi_ or Vi_ to Vip in a monotonic fashion. 
Note h: E or W must be 2 Vj; during address transitions. 

Note i: If W is low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


mf oe] oe] ef ee |] el 
NO} al] Rl] oOsynm] 


sects 
BCRRRRRREE:. 
OOo ee | 
SCRRRRRRE: 


8 
& 


_ 
fee) 


WRITE CYCLE 1 


ADDRESS 


VO (DATA IN) DATA VALID 
17 tWLaz 18 twHax 
0 (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 


4/10 


556 


IMS1423M 


RECOMMENDED AC OPERATING CONDITIONS (-55°C < Tas 125°C) (Vcc = 5.0V 10%) 
WRITE CYCLE 2: E CONTROLLED?:" 


SYMBOL IMS S UNITS |NOTES 
1423M-45 : 
PARAMETER 
man | 


TE aR SO Taw ——[ 
o| amen [owe _|wtePuse wan | 90 
[seven [sow [Chip Enable o End orto | a0 
5 
2. 


_ 
rs 
= 
a 
on 
or 


Nh 


2 rove [tow [BataSetup to EndofWite 

| tenox [von [Pata Hol air End of Wii 

| taven [saw [pdstoss Soup to Endofwete | 90_ 
[ewe 3 

26 | ; 


nN 


tWP 

tCcw 

tpw 

tDH 

tAW 

25 | teHAX | twR [Address Hold After End of Write | 5 
Address Setup to Beginning of Write Lg | 

Write Enable to Output Disable | 0 | 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between ViH to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be > Vin during address transitions. 

Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


nm 


nN on 


25 


WRITE CYCLE 2 


19 tavav > 
j ee 
<< ?_—___—————_-___ 4 


AVEH 


20 


MAE Ae 


W 
22 Awa 
VO (DATA IN) DATA VALID X si 


27 twiaz 


VO (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 
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IMS1423M 


DEVICE OPERATION 


The IMS1423M has two control inputs, Chip Enable 
(/E) and Write Enable (/W), 12 address inputs (AO -A11), 
and four Data I/O lines. The /E input controls device 
selection as well as active and standby modes. With /E 
low, the device is selected and the 12 address inputs 
are decoded to select one four-bit word out of 4K 
words. Read and Write operations on the memory cell 
are controlled by the /W input. With /E high, the device 
is deselected, the outputs are disabled and the power 
consumption is reduced to less than one-fourth of the 
active mode power with TTL levels and even lower with 
CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Viyq min with /E < Vy 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while 
/E is low. The outputs remain active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access time 
and long as /E remains low, the cycle time is equal to the 
address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid data is at the outputs at 
the specified Chip Enable Access time. If address is not 
valid when /E goes low, the timing is as specified in 
READ CYCLE 1. Chip Enable access time is not 
affected by the duration of the deselect interval. 
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WRITE CYCLE 


The write cycle of the IMS1423M is initiated by the 
latter of /E or /W to transition from a high to a low. In the 
case of /W falling last, the output buffers will be turned 
on teL_aqyx after the falling edge of /E (just as in a read 
cycle). The output buffers are then tumed off within 
twLoz Of the falling edge of WW. During this interval, it is 
possible to have bus contention between devices with 
common I/O configurations. To avoid bus contention, 
input data should not be active until tw) gz. 

WRITE CYCLE 1 waveform shows a write cycle 
terminated by /W going high. Data set-up and hold 
times are referenced to the rising edge of (W. When /W 
goes high at the end of the cycle with /E active, the 
outputs of the memory become active. The data from 
the memory will be the same as the input data unless 
the input data or address changes. 

WRITE CYCLE 2 waveform shows a write cycle 
terminated by /E going high. Data set-up and hold 
times are referenced to the rising edge of /E. With /E 
high the outputs remain in the high impedance state. 


IMS1423M 


POWER DISTRIBUTION 


The recommended power distribution scheme 
combines proper power trace layout and placement of 
decoupling capacitors to maintain the operating margins 
of the IMS1423M. The impedance in the decoupling 
path from the power pin through the decoupling 
capacitor to the ground pin should be kept to a 
minimum. The impedance of this path is determined by 
the series impedance of the power line inductance and 
the inductance and reactance of the decoupling 
capacitor. 

Since the current transients associated with the 
operation of the high speed IMS1423M have very high 
frequency components, the line inductance is the 
dominating factor. To reduce the line inductance, the 
power trace and ground trace should be gridded or 
provided by separate power planes. The decoupling 
capacitor supplies energy for high frequency current 
transients ‘and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad, and be placed between each row of 
devices in the array (see drawing). A larger tantalum 
capacitor, with a sufficient value to eliminate low 
frequency ripple, should be placed near the memory 
board edge connection where the power traces meet 
the backplane power distribution system. These larger 
capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off 
the memory board and at the end of a long inductive 
path. 

The ground grid of the memory array should extend 
to the TTL periphery circuit. This will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground noise. 


TERMINATION 


Trace lines on a memory board in the array look to 
TTL driver signals like low impedance, unterminated 
transmission lines. In order to reduce or eliminate the 
reflections of the TTL signals propagating down the 
lines, especially low going TTL signals, line termination 
is recommended. The termination may be either series 
or parallel. 

The recommended technique is to use series 
termination. The series termination technique has the 
advantage of drawing no DC current and using a 
minimum number of components. This is accomplished 
by placing a series resistor in the signal line at the 
output of the TTL driver to dampen the reflection on the 
line. The resistor should be placed as close to the driver 
package as is practical. The line should be kept short by 
placing the driver-termination combination close to the 
memory array. 

Some experimentation will have to be done to find 
the proper value to use for the series termination to 
minimize reflections, but generally a series resistor in 
the 10 to 33 ohm range will be required. Because each 
design will result in a different signal impedance, a 
resistor of predetermined value may not properly match 
the signal path impedance. The proper value of 
resistance should therefore be selected empirically. 
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CAPACITOR 
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Voc; Vgg GRID SHOWING 
DECOUPLING CAPACITORS 
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Lead finish 


~<SANVZXRCLOAMVNOD>yY 


Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


solder 
solder 
gold 
solder 
solder 
solder 
solder 
solder 


- gold 


solder 
gold 
gold 


TRUTH TABLE 


FIGURE 1. OUTPUT LOAD 
5.0V 


4800 


/O 


S0pF 
2550 
FIXTURE) 


Standard Military Drawing version available, see SMD Reference Guide 


ORDERING INFORMATION 


IMS 1423M 


35ns 


CERAMIC DIP IMS1423S-35M 
CERAMIC LCC | IMS1423N-35M 
FLAT PACK IMS1423Y-35M 
CERAMIC DIP IMS1423S-45M 
CERAMIC LCC | IMS1423N-45M 
FLAT PACK IMS1423Y-45M 
CERAMIC DIP IMS1423S-55M 
CERAMIC LCC | IMS1423N-55M 


FLAT PACK 


PART NUMBER 


IMS1423Y-55M 


(INCLUDING 
SCOPE AND 


IMS1423M 


XN 


PACKAGING INFORMATION 


20 Pin Ceramic Dual-In-Line in| treme 
INom | Tol | | Nom | Tol | 
A 


<—4—>| 


9 equal spaces @ 
2.54 
0.100 
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20 Pin Leadless Chip Carrier 


0 Ren Tae 


B1 


eT 


FEATURES 


INMOS' Very High Speed CMOS 

Advanced Process - 1.6 Micron Design Rules 

Full Military Temperature Operating 

Range (-55°C to +125°C) 

MIL-STD-883C Processing 

45, 55, and 70 nsec Access Times 

Fully TTL Compatible 

Separate Data Input & Output 

Three-state Output 

Power Down Function 

Single +5V + 10% Operation 

Standard Military Drawing version available 

22-Pin, 300-mil DIP (JEDEC Std.) 

22-Pin Ceramic LCC (JEDEC Std.) 

Battery Backup Operation - 2V Data Retention 
(L version only) 


IMS1600M 


IMS1601LM 
CMOS 
High Performance 


64K x 1 Static RAM 


MIL-STD-883C 


DESCRIPTION 


The INMVOS IMS1600M is a high performance 64Kx1 
CMOS Static RAM processed in full compliance to MIL- 
STD-883C and guaranteed to operate over the full military 
temperature range. The IMS1600M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1600M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access andcycle times. Additionally, the IMS1600M pro- 
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1601LM is alow power version offering battery 
backup data retention operating from a 2 volt supply. 


_ PIN CONFIGURATION 


LOGIC SYMBOL 


PIN NAMES 


A,- Ay, ADDRESS INPUTS Q DATA OUTPUT 
Ww WRITE ENABLE Vcc POWER (+5V) 


E CHIP ENABLE Vss GROUND 
D_DATAINPUT_- [SSS 


November 1989 


BLOCK DIAGRAM 


4 -Vec 
<+—Vss 


MEMORY ARRAY 
256 ROWS 
256 COLUMNS 
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IMS1600M/1601LM 


ABSOLUTE MAXIMUM RATINGS* 


: ; 2 *Stresses greater than those listed under “Absolute Maximum 
Voltage on any pin relative to Vss......... 2.0 to 7.0V Ralings” may cause permanent damage to the device. This isa 


Voltage on Q Seeuwucecnstes sea tmnneterattne -1.0 to (Vcc+0.5) stress rating only and functional operation of the device at these or 
Temperature Under Bias................ -55° C to 125°C any other conditions above those indicated in the operational 
Storage Temperature .................06 -65°C to 150°C _— sections of this specification is not implied. Exposure to absolute 
Power Dissipation dudedse eves shee cbuvaveesscsscecvewserseceeies® 1W maximum rating conditions for extended periods may affect reliability. 
DC Output Current...................ccscsssesesereceeecees 25mA 

(One Second Duration) 


DC OPERATING CONDITIONS 


SYMBOL| PARAMETER | MIN | Typ | MAX | UNITS | NOTES 
| Voc__| Supply voltage | 45 | 50 | 85 a 
Le ns 
| 2.0 | 


Vec 
cm 
Vin |__| Veo0.5 | 
et 
| 25 | 


SV Input Logic "1" Voltage i 

Input Logic "0" Voltage p08 |v | Allinputs | 
*Vi_min = -3 V for pulse width <20ns, note b. 

DC ELECTRICAL CHARACTERISTICS (-55°C < Tas 125°C) (Vcc = 5.0V + 10%)* 


SYMBOL PARAMETER | MIN | MAX! 
Iccr | Average Vec Power 70 ‘| mA _ | tavav = tavav(min) 
Supply Current 
loce Vec Power Supply Current 
(Standby,Stable TTL Input Levels) E 2 Vin. All other inputs at 


Vins V 2V 
IMS1601L version IN IL OF IH 


as Vcc Power Supply Current = 
(Standby, Stable CMOS Input Levels) E > (Vcc - 0.2) . All other inputs at 


IMS4601L version eed Vin ¢ 0.2 or 2 (Vcc - 0.2V) 
Icca. | Voc Power Supply Current = 
(Standby, Cycling CMOS Input Levels) E 2 (Vcc - 0.2) . Inputs cycling at 
; Vin £ 0.2 or 2 (Vcc - 0.2V) 
IMS1601L version 


Input Leakage Current (Any Input) ema Vec 


Vcc = max 
Vin = Vss to Vec 


14 


Off State Output Leakage Current 
Output Logic "1" Voltage 


Output Logic "0" Voltage V lo. = 8mA 


‘ 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


AC TEST CONDITIONS _ CAPACITANCE (Ta=25°C, f=1 .OMHz)? 


Input Pulse Levels... SYMBOL| PARAMETER |MAX|UNITS|CONDITIONS 
isiag ene aie mine | Cw |Input Capacitance | 4 | pF | aV=0t03V_ 
Output Capacitance 


Note b: This parameter is sampled and not 100% tested. 


Input and Output Timing Reference Levels... 1.5V 
Output Load See Figure 1 
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IMS1600M/1601LM 


RECOMMENDED AC OPERATING CONDITIONS (—55°C < T,< 125°C) (Voc = 5.0V + 10%) 
READ CYCLE’ 


| SYMBOL | 
ee 
Tire | ues |ctipenationccessTine | 
[2 [ww | tre [Reed cyceTine | a 
[a [wor | wa [Adéess Access Tine | 
2 
xs 
Do 


IMS1600M-45 IMS1600M-55 IMS1600M-70 


[+ [wen | sor | Outpt Hols Ate Adress Change 

[5 [teiox | tz [ChipEnabeto Outpt Acive 

}6 | tenoz | tuz Chip Disable to Output Inactive 

Chip Enable to Power Up 0 


[a wes] vo [ChinEnabiewoPowerbom | 
TL [Input ise and FatTines | 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: Eand W must transition between Vin to Vit or Vit to Vinin a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°4 


a er 2 tAVAV —_— 


ADDRESS 


Q (DATA OUT) OUTPUT VALID 


READ CYCLE 2° 


om 1 teLav 
E 


5 teErax 6 teHaz —— 


Q (DATA OUT) HIGH IMPEDANCE 


7 tELICCH 


ACTIVE 


Icc 
STANDBY 
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IMS1600M/1601LM 


RECOMMENDED AC OPERATING CONDITIONS (—55°C < Ta< 125°C) (Veg = 5.0V + 10%) 


WRITE CYCLE 1: WconTROLLED?:" 


SYMBOL SAG RNETER 
Alternate | MIN | | MIN | MAX | 
two _| Write Cycle Time | 45 | Eo) 

tWLWH Write Pulse Width | 20 | 


ELWH 


[Chip Enabioto Endot Wie | 20 
DataSeuptoEndofwite | 20 
Data HodaterEndotWiie [0 


tas Address Setup to Start of Write 


Address Hold after End of Write | 5 


7 


we | 


Write Enable to Output Disable | 0 | 
Output Active after End of Write 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: If Wis low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


— | ow] re er —s 
NY] O& @] f— © 


foe) 


3 


WRITE CYCLE 1 


9 tAVAV 
ADDRESS 


11 tELWH 
E \\\AA\S (LLLLLLLLLLL 
ae 14 tavWH 16 tWHAX 
15 tAVWwL - 10 twLwH 
W ANY 
12 tOVWH 13 tWHDX 
17 twLaz 18 twHax 
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IMS1600M/1601LM 


RECOMMENDED AC OPERATING CONDITIONS (-55°C <Ta ¢+125°C) (Vcc = 5.0V 10%) 
WRITE CYCLE 2: E CONTROLLED®:5 


2S a RE BC 
Cea Co aa a oD 
at [tan [tew [ChipEnabietoendoiwite | 20 | [a { | a] [rs] 
22| ter [tow [DataSewpioendotwite | 20 | [| | 0] 
| tox [tow [Datatolaterendofwae {| s | [s | [5] 
24 | wen [ww [Address SeupinEndotwite | 20] | | |e] 
[tow [wm [AddressHoWdaterendorwie [5 || s | [s| 
es] we [us [AddressSeupistanotwite | s| [3] [| 
a7 [mar [wa [Wie ErabletoOupurDisabie | 0 | | 0 | a | 0 | a 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vix to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 2 


ADDREss |} 


26 
taver in , 


19 tavav 


w (XVAYYUYYLAL 77777777 
i. a er 


ZF Nes 


Q (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 
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IMS1600M/1601LM 


DEVICE OPERATION 


The IMS1600M has two control inputs, a Chip Enable 
(/E) and Write Enable (/W), 16 address inputs (AO -A15), 
a data in (D) and a data out (Q). 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 16 address inputs are decoded to select one 
memory cell out of 65,536. Read and Write operationson 
the memory cell are controlled by the /W input. With /E 
high, the device is deselected, the outputis disabled and 
the power consumption is reduced to less than one-third 
of the active mode power with TTL levels and even lower 
with CMOS levels. 


READ CYCLE 


A read cycle is defined as /W > Vix min with /E < ViL 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
is low. The output remains active throughout READ 
CYCLE 1 andis valid atthe specified address access time. 
The address inputs may change at access time and long 
as /E remains low, the cycle time is equal to the address 
access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when/E goes low, valid data is at the output at the 
specified Chip Enable Access time. Ifaddressis not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 


WRITECYCLE 


The write cycle of the IMS1600Misinitiated by the latter 
of /E or /W to transition from a high to alow. In the case 
of /W falling last, the output buffer will be turned on teLax 
after the falling edge of /E (just as ina read cycle). The 
output buffer is then turned off within twLazof the falling 
edge of /W. During this interval itis possible to have bus 
contention between devices with D and Q connected 
together inacommon|/O configuration. To aviod bus con- 
tention input data should not be active until twLaz. 


WRITE CYCLE 1 waveform shows awrite cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of /W. When /W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
be the same as the input data unless the input data or 
addresschanges. 


WRITE CYCLE 2 waveform shows awrite cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With/E high the output 
remains in the high impedance state. 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1600M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept toa minimum. The impedance 
of this path is determined by the series impedance of the 
power line inductance and the inductance and reactance 
of the decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices in the array. A larger tantalum capacitor of a suffi- 
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet the backplane power distribution 
system. These larger capacitors provide bulk energy 
storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
should extend tothe TTLdriver periphery circuitarea This 
will provide a solid ground reference for the TTL drivers 
and prevent loss of operating margin of the drivers due to 
differential ground noise. 
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TERMINATION 


Trace lines onamemory boardin the array look to TTL 
driver signals like lowimpedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC currentand using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 


IMS1600M/1601LM 


dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of resistance should 
therefore be selected empirically. 


DATA RETENTION (L version only) (-55°C < Ta s 125°C) 


Tsymeot | PARAMETER [win 
Vor | Data Retention otago | 20 
PTecoai | Data Retenion Curent | 
3 ie 

ra 


IccpR2 Data Retention Current 
tEHVCCL | Deselect Time (tcpr) 
IVCCHEL | Recovery Time (tp) tac 


“Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 


Tve[Max[unrs] SCOTS 
|_| wots [tnz0avers Wooaan Exwooean 
Te [ra00| wa |veomtovete 
rm 

Pe Ss 
a ae 


j,k (tac= Read Cycle Time) 


Note k: Supply recovery rate should not exceed 100mV per pS from Vpp to Voc min. 


LOW Vcc DATA RETENTION 


DATA RETENTION MODE 


Vcc 
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FIGURE 1. OUTPUT LOAD 
Formed flat-pack 5.0V 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend seem 
PGA 
Small outline, Gull wing Q (Dour) 
PLCC, J-bend 30pF 
Sidebraze ceramic DIP 
Ceramic LCC 2552 SS OBEANIE 
Plastic DIP | FIXTURE) 


<SAMNVZXCIOMIVNIND>yY 


Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


Standby (Isb) 


Standard Military Drawing version available, see SMD Reference Guide 


ORDERING INFORMATION 
PART NUMBER 


IMS 1600M 
IMS1600LM 


CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 


STANDARD 


IMS1600S-45M 
IMS1600N-45M 
IMS1600S-55M 
IMS1600N-55M 
IMS1600S-70M 
IMS1600N-70M 


LOW POWER 


IMS1601LS45M 
IMS1601LN45M 
IMS1601LS55M 
IMS1601LN55M 
IMS1601LS70M 
IMS1601LN70M 


IMS1600M/1601LM 


PACKAGING INFORMATION 


22 Pin Ceramic Dual-In-Line . 


_ RAM 
10 sale ee @ =< E—> 


& "400 


22 Pin Leadless Chip Carrier 
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mmos: 


FEATURES 


INMOS' Very High Speed CMOS 
Advanced Process - 1.6 Micron Design Rules 
Full Military Temperature Operating 

Range (-55°C to + 125°C) 

MIL-STD-883C Processing 

16K x 4 Bit Organization 
45, 55 and 70 nsec Access Times 

Fully TTL Compatible 

Common Data Input & Output 
Three-state Output 

Power Down Function 
Single +5V + 10% Operation 
22-Pin, 300-mil DIP (JEDEC Std.) 

22-Pin Ceramic LCC (JEDEC Std.) 

Battery Backup Operation - 2V Data Retention 
(L version only) 


PIN CONFIGURATION LOGIC 


ry 
1 
22 
= ne 
cia M 
19 AS 
18 AS 
17 Av 
16 AS 
15 
14 Aa 
13 
= NO OH 
E Ves W VO, 
DIP CHIP 
CARRIER 
PIN NAMES 


VO DATA IN/OUT 


Vcc POWER 


CHIP ENABLE 
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IMS1620LM 
CMOS 
High Performance 


16K x 4 Static RAM 


SYMBOL 


m| 


=| 


MIL-STD-883C 


DESCRIPTION 


The INMOS IMS1620M is a high performance 16Kx4 
CMOS Static RAM processed in full compliance to MIL- 
STD-883C and guaranteed to operate over the full military 
temperature range. The IMS1620M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1620M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1620M pro- 
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1620LM is alow power version offering battery 
backup data retention operating from a 2 volt supply. 

The IMS1624M is the functional equivalent of the 
IMS1620M with an added Output Enable function. 


BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
256 COLUMNS 
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IMS1620M/1620LM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V *Stresses greater than those listed under “Absolute Maximum Ratings” 
Voltage on I/O Pins (13-16) -1.0 to (Vec+0.5) may cause permanent damage to the device. This is a stress rating 

Na ea ace S only and functional operation of the device at these or any other 
Temperature Under Biag................ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature ................... -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation..........ccccssssssseesscsessseeeesseees 1W conditions for extended periods may affect reliability. 
DC Output CUurrent..............ccccccsccessssssssscereees 25mA (One output at a time, one second duration) 


DC OPERATING CONDITIONS 
SYMBOL PARAMETER 

Supply Voltage 

Supply Voltage 

Input a "1" Voltage 


All inputs 
400 linear ft/min air flo 
*Vi_min = -3 volts for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (-55°C ¢ Tas 125°C) (Vcc = 5.0V + 10%)* 


PARAMETER 
Average Vcc Power 
Supply Current 
Vec Power Supply Current 
Icce (Standby,Stable TTL Input Levels) 


IMS1620L version 


Vcc Power Supply Current = 


E> Vin. All other inputs at 
Vin § Vit or 2 VIH 


(Standby, Stable CMOS Input Levels) 
IMS1620L version 


E> (Vcc - 0.2). All other inputs at 
Vin § 0.2 or 2 (Vcc - 0.2V) 


Icc3 


Vcc Power Supply Current = 
(Standby, Cycling CMOS Input a ae E 2 (Vcc - 0.2). Inputs cycling at 


Vin ¢ 0.2 or 2 (Vcc - 0.2V) 
IMS1620L version 


lILK Input Leakage Current (Any Input) to Vira Veeto Vice 
Off State Output Leakage Current | eto] wa | al Vcc 
Output Logic "1" Voltage aM ES CSA 


Output Logic "0" Voltage 


Icc4 


= ” 
Q < 
Qo |= 
wo 
oO 
r 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


AC TEST CONDITIONS CAPACITANCE? (Ta=25°C, f=1.0 MHZ) 


Input Pulse Levels SYMBOL| PARAMETER |MAX|UNITS|CONDITIONS 

ut andl Output Tang F Input Capacitance | AV = Oto 3V 

Input and Output Timing Reference Levels.. 1.5V pune abectanc: | 4 | pF | av =O 1Ge¥ 
Output Capacitance 7 | pF | AV =0 to 3V 


Output Load See Figure 1 
Note b: This parameter is sampled and not 100% tested. 
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IMS1620M/1620LM 


RECOMMENDED AC OPERATING CONDITIONS (—55°C < T,< 125°C) (Voc = 5.OV + 10%) 


READ CYCLE® 


Serafina] PARAMETER [mv 
Tite | wos [onperabionccesstine | 
fe [um | we [Readcycletine | aS 
ra [war | wa [Address AccessTine | 
ie 

am 

: To 


issi6z0m-a5 | imstezow-ss | IMS1620M-70 | | Loree 


N 
N NI 


}4 | taxox | ton Output Hold After Address Change 
}5 | terox | tz | Chip Enable to Output Active 
}6 | tenoz | tz | Chip Disable to Output Inactive 


[a [enoot| wo [ChiptnabietoPowerown | | 5 | | | 70 | ne 
TL [input hse andFattimes [| so | [so | | so [rs [ej 


Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 

Note d: Device is continuously selected: E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured £200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vi to Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°4 


2 tAVAV 


ADDRESS 


voroasoun[ YOU oururvaue 


READ CYCLE 2° 


= 1 teELav 
: ee 
-_ enue 6 teHoZ ————>>} 
HIGH IMPEDANCE VAVAVAVAV) 
¢ ee, 


VO (DATA OUT) h 


7 tELICCH 8 a 


ACTIVE 


Icc 
STANDBY 
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IMS1620M/1620LM 


RECOMMENDED AC OPERATING CONDITIONS (-55°C «< Ta< +125°C) (Vcc = 5.0V 10%) 
WRITE CYCLE 1: W CONTROLLED?" 


a enna [sian [asi rs res 
| MIN | MAX | MIN | MAX | MIN | MAX 

fa[umv [Me [Wiedwietm | | |so| |o| || 
fo[ rw [we [WitePusewan | | | «| | | || 
[wm [ew | Chiprabiewendotwiie | | | | | | || 
2 [oem [ww [DaaSeuptoendafwiie | 0] || || || 
2 wow [oi [DataHoisaterendofwie | 0 | | 0 | Pref 
[um [ww [AdsessSeupiensorwiie | a] | «o{ || [a] 
sum [us [AdéessSeupioSianofwiie | 0] | o | 

iene [wn _[aasesshaaerendwie [oT @ | [0 [os | 
f7 [mae [Wwe [Wits ErabiotoOuiputDeable | 0 | | 0 | [0 | | me | ti 
ie [wir [iw [OuputAatveaterendotwie [5 | [5] 1s} [aly 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be > Vin during address transitions. 

Note i: If Wis low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


WRITE CYCLE 1 


ee ee 9 tavav 


IM _— Ty) 
aaa eae ar 14 tavwH Tian 16 tWHAXx 
i KV 


17 twLaz 


DATAUNDEFINED 


18 twHox 


1/0 (DATA OUT) HIGH IMPEDANCE 


4 /9 ene 
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IMS1620M/1620LM 
RECOMMENDED AC OPERATING CONDITIONS (-55°C <Ta < 125°C) (Vcc = 5.0V +10%) 
WRITE CYCLE 2: E CONTROLLED?:h 


| SYMBOL | 

pol ome Panaweren 
: 

tas 


IMS1620M-45 | IMS1620M-55 | IMS1620M-70 


U 


[ta [tow 
22 | over [tow [DataSeupto EndofWite 
2a | tox [tov [DataHldaerEndof Write 
es 
5 
eg 


'teyax | twa — | Address Hold after End of Write 
tAVEL }tas Address Setup to Start of Write 
Write Enable to Output Disable 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: E or W must be 2 Vin during address transitions. 

Note i: If W is low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 


tAVEH Address Setup to End of Write 


= 
” 
= 
Oo 
” 


WRITE CYCLE 2 19 1. 
w KYAT 
22 ten 23 toa 
a a ee 


Of Nees 


V0 (DATA OUT) DATA UNDEFINED HIGH IMPEDANCE 


IMS1620M/1620LM 


DEVICE OPERATION 


The IMS1620M has two controlinputs, a Chip Enable 
(/E) and Write Enable (/W), 14 address inputs (AO -A13), 
and four Data I/O pins. 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 14 address inputs are decoded to select one 4-bit 
word out of 16,384. Read and Write operations on the 
memory cells are controlled by the /Winput. With/E high, 
the device is deselected, the outputs are disabledand the 
power consumptionis reduced toless thanone-thirdofthe 
active mode power with TTL levels and even lower with 
CMOS levels. 


READ CYCLE 


Aread cycle is defined as /W > Vinmin with /E < ViL 
max. Read access time is measured from either /E going 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
is low. The outputs remain active throughout READ 
CYCLE 1 andis valid atthe specified address access time. 
The address inputs may change at access time and long 
as /E remains low, the cycle time is equal to the address 
access time. 

The READ CYCLE 2'waveform shows a read access 
that is initiated by /E going low. As long as address is 
stable when /E goes low, valid datais at the outputs at the 
specified Chip Enable Access time. Ifaddressis not valid 
when /E goes low, the timing is as specified in READ 
CYCLE 1. Chip Enable access time is not affected by the 
duration of the deselect interval. 


WRITECYCLE 


The write cycle of the IMS1620Misinitiated by the latter 
of /E or /W to transition from a high to a low. In the case 
of /W falling last, the output buffers are turned on teLax 
after the falling edge of /E (just as ina read cycle). The 
Output buffers are then turned off within twLazof the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices with common!/O configura- 
tions. Therefore input data should not be active until twraz 
to aviod bus contention. 


WRITE CYCLE 1 waveform shows awrite cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of /W. When /W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active. The data from the memory will 
be the same as the input data unless the input data or 
address changes. 


WRITE CYCLE 2waveform shows awrite cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With /E high the 
outputs remain in the high impedance state. 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1620M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept toa minimum. The impedance 
of this path is determined by the series impedance of the 
powerline inductance and the inductance and reactance 
of the decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices in the array. A larger tantalum capacitor of a suffi- 
cient value to eliminate low frequency ripple, should be 
placed near the memory board edge connection where 
the power traces meet the backplane power distribution 
system. These larger capacitors provide bulk energy 
Storage to prevent voltage drop due to the main supply 
being located off the memory board and at the end of a 
long inductive path. The ground grid of the memory array 
should extend to the TTL driver periphery circuitarea This 
will provide a solid ground reference for the TTL drivers 
and prevent loss of operating margin of the drivers due to 
differential ground noise. 
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IMS1620M/1620LM 


TERMINATION 


Trace linesonamemory boardin the array lookto TTL 
driver signals like lowimpedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 


dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 


‘proper value to use for the series termination to minimize 


reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of resistance should 
therefore be selected empirically. 


DATA RETENTION (L versiori only) (-55°C < Ta s 125°C) 


NOTES 
Vin S$ 0.2V or 2 (Voc-0.2V) E2(Voc-0.2V) 


: Voc= 2.0 volts 


“Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 


| nA | 
ns _| 
Cael 


j,k (tac= Read Cycle Time) 


Note k: Supply recovery rate should not exceed 100mV per pS from Vppr to Voc min. 


LOW Vcc DATA RETENTION 


Voc 


DATA RETENTION MODE 
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Lead finish 


<SaAaAnVZAXACIOMOND>D 


Formed flat-pack 
Formed flat-pack 

LCC 

Cerdip 

Small outline, J-bend 
PGA 

Small outline, Gull wing 
PLCC, J-bend 


Sidebraze ceramic DIP 
Ceramic LCC 

Plastic DIP 

Sidebraze ceramic DIP 


(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 


ORDERING INFORMATION 


DEVICE | SPEED PACKAGE 


IMS 1620M 
IMS1620LM 


FIGURE 1. OUTPUT LOAD 


Q (DouT) 


2552 


TRUTH TABLE 


CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 


5.0V 


4802 


30pF 

(INCLUDING 
il, SCOPE AND 

FIXTURE) 


Standby (Isb) 


PART NUMBER 


STANDARD 


IMS1620S-45M 
IMS1620N-45M 
IMS1620S-55M 


_IMS1620N-55M 


IMS1620S-70M 
IMS1620N-70M 


LOW POWER 


IMS1620LS45M 
IMS1620LN45M 
IMS1620LS55M 
IMS1620LN55M 
IMS1620LS70M 
IMS1620LN70M 


IMS1620M/1620LM 


PACKAGING INFORMATION 


22 Pin Ceramic Dual-In-Line 


Be|< Bt : >jet\« <— >| 
10 equal spaces @ — E> 
2.54 


0.100 


22 Pin Leadless Chip Carrier 


B1 


> 


et 
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mmos: 


FEATURES 


INMOS' Very High Speed CMOS 

Advanced Process - 1.6 Micron Design Rules 
Full Military Temperature Operating 

Range (-55°C to +125°C) 

MIL-STD-883C Processing 

16K x 4 Bit Organization with Output Enable 
45, 55, and 70 nsec Access Times 

Fully TTL Compatible 

Common Data Input & Output 

Three-state Output 

Power Down Function 

Single +5V + 10% Operation 

24-Pin, 300-mil DIP (JEDEC Std.) 

28-Pin, 300-mil LCC (JEDEC Std.) 
Standard Military Drawing version available 


IMS1624M 
IMS1624LM 
CMOS 

High Performance 
16K x 4 Static RAM 
MIL-STD-883C 


DESCRIPTION 


The INMOS IMS1624M is a high performance 16Kx4 
CMOS Static RAM processed in full compliance to MIL- 
STD-883C and guaranteed to operate over the full military 
temperature range. The IMS1624M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1624M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. The IMS1624M provides a Chip 
Enable (/E) function that can be used to place the device 
into a low-power standby mode. The IMS1624M also 
includes an Output Enable (/G) for fast access to data and 
enhanced bus contention control. 

The IMS1624LMis a low power version offering battery 
backup data retention operating from a 2 volt supply. 


Battery Backup Operation - 2V Data Retention 


(L version only) 


PIN CONFIGURATION 


AS NC NC \ec NC 


LO 


pid 2 
EF 1? 14 15 16 10, 


G Vss NC W WO, 


CHIP 
CARRIER 


November 1989 


GIC SYMBOL 


BLOCK DIAGRAM 


MEMORY ARRAY 
256 ROWS 
256 COLUMNS 
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IMS1624M/1624LM 


ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2.0 to 7.0V *Stresses greater than those listed under “Absolute Maximum Ratings" 
Voltage on I/O Pins (13-16) -1.0 to (Vcc+0.5) may cause permanent damage to the device. This is a stress rating 

Aa lela eae - only and functional operation of the device at these or any other 
Temperature Under Bias................ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature ...............006 -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation...............ccssssesscscesseseereeeeenenees 1W conditions for extended periods may affect reliability. 
DC Output Current...............scccssccessreceereceseees 25mA (One output at a time, one second duration) 


DC OPERATING CONDITIONS 


[veo | SuppyVotage 
[vis | SupoyVotage 
a 
a 


Input Logic "1" Voltage 
sek Logic "0" uae ere 


*Vicmin = -3 volts for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (-55°C < Tas +125°C) (Vcc = 5.0V + 10%)? 


SYMBOL PARAMETER MIN | MAX UNITS NOTES 
toot tcor | Avra Veo Power pa pms | vay tAVAV (min) 
Supply Current 
Vcc Power Supply Current SSeer ts 7 
ees (Standby,Stable TTL Input Levels) ae E 2 Vin. All other inputs at 
| IMS1624L version = 624L version 


Vins Vic or 2 Vin 


Vcc Power Supply Current 
(Standby, Stable CMOS Input a 


IMS1624L version 


E2 (Vcc - 0.2) . All other inputs at 
Vin ¢ 0.2 or 2 (Vcc - 0.2V) 


Icc3 mA 


Vcc Power Supply Current 
(Standby, Cycling CMOS Input Levels) 


IMS1624L version Pe ere. 
Input Leakage Current (Any Input) mre 
Off State Output Leakage Current a 


E2 (Vcc - 0.2) . Inputs cycling at 


loca Vin $ 0.2 or 2 (Vcc - 0.2V) 


Vcc = max 
Vin = Vss to Vcc 


Vcc = max 
Vin = Vss to Vec 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 


Output Logic "1" Voltage 


Output Logic "0" Voltage 


AC TEST CONDITIONS CAPACITANCE? (Ta=25°C, f=1.0 MHZ) 


Input Pulse Levels 
Input Rise and Fall Times 


SYMBOL| PARAMETER |MAX|UNITS|CONDITIONS 
Input Capacitance i aA pF | AV=0to3V 
Output Capacitance| 7 | pF | AV=0to3V 


Note b: This parameter is sampled and not 100% tested. 


Input and Output Timing Reference Levels... 1.5V 
Output Load ....See Figure 1 
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IMS1624M/1624LM 


RECOMMENDED AC OPERATING CONDITIONS (-55°C <Ta< 125°C) (Vcc = 5.0V 410%) 


READ CYCLE? 
| imstezaw.4s | IMS1624M.55_| IMS1624M-70_ 


SYMBOL 
PARAMETER 
Chip Enable Access Time 


Ftavav | tro | Read Cycle Time 
tAA Address Access Time 


oS 


tRC 
[tevav | toe |OutputEnableAccessTime 
7 
11 | tewco.| to | Chip Enable to PowerDown 
| | | tr finputRise and Fattimes | 


Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 

Note d: Device is continuously selected; E low. 

Note e: Measured between Vit max and Vin min. 

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


Oo 


hm | ho 


_ 
ol 


READ CYCLE 1°4 


2 tAVAV 


ADDRESS 


3 tavav 
5 taxax 


READ CYCLE 2° 


2 tAVAV 


1 tELav 


E coe mes CT 
| ei ae 9 tcHaz 


G 
11 
7 taLax tEHICCL 
VO (DATAOL revere OUTPUT VALID 
10 teLiccH 
ACTIVE ____ 
Ic STANDBY 
: 3/9 


IMS1624M/1624LM 


RECOMMENDED AC OPERATING CONDITIONS (-55°C ¢ Ta <¢ 125°C) (Vcc = 5.0V +10%) 


WRITE CYCLE 1: W CONTROLLED?" 
_ 
esire PARAMETER neni) 

No [Standard |atternate | Min |wax] UNTS | NoTES 
| 60 | 
50 
50 
30, 
hee | 
50 
Oe 
ol 
ra 
eo. 


om 
[5 [owns [tow 
| swrox [ton [Pala Hott ater Endo Weto——_ 
Fe [vam [ras [paiess Seupto San of Wite 
22 [woz [1w2 [wit Enable to Output sable 
2 [wiox | tom [ore Act ater end of Wite 


WRITE CYCLE 2: E CONTROLLED?" 


_ 
ao 


SYMBOL 


Write Cycle Time 
tWLEH | twp Write Pulse Width 
tELEH Chip Enable to End of Write 
tDVEH | tpw Data Setup to End of Write 
tWZ 


PARAMETER 


t 
tEHDX tDH Data Hold after End of Write 

Address Setup to End of Write 
tEHAX | twR [Address Hold after End of Write 

29] taveL | tAS | Address Setup to Start of Write 

30} twiaz | twz __|Write Enable to Output Disable 


SYMBOL 
PARAMETER 


a 
23 
24 | 
ca 
Ea 
a 


3 — 
a= 
hw” 
on 


tAVAV Write Cycle Time 
tWLWH Write Pulse Width 


: | aWHDX | ton | Data Hold after End of Write 
35 | tAVWH Address Setup to End of Write 


oo | tov 
t 


eee 4 
ae 
Lawes 
a 
ane 
| ns | 
[esi | 
pons 
| ns | 
IMS IMS IMS - 
1624-45 |1 624-55 1624-70 
08 
ie) 
| ons | 
| ns | 
Paani 
| ns | 
poahe 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E, Gand W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 
Note h: EorW must be = Vin during address transitions. 

Note i: If Wis low when E goes low, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 
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{ 
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WRITE CYCLE 1 


12 tavav 


ADDRESS 


I __ Tn 


ee ree 17 tavwwH 19 twHax 
18 tawt 13 twWLWH 
W , 

\ 


15 tovwH 16 twHpx 
20 twiaz 21 twHox 


1/0 (DATA OUT) HIGH IMPEDANCE 


DATA UNDEFINED 


WRITE CYCLE 2 
22 tavVAV 
appress{ KO ——i=‘(O 
29 
tAVEL 


ee 27 tAVEH = 28 tEHAX 
wAXXAAANAAANAAAN ZZ TTT 


25 tOVEH 26 teHDx 


30 twLaz 


VO (DATA OUT) DATA UNDEFINED 


WRITE CYCLE 3 
31 tavAV oe 
35 tAVWH 
36 tWHAX 
_ of IML 32 twLWH 
WwW 


VO (DATA IN) 
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DEVICE OPERATION 


The IMS1624M has three controlinputs, Chip Enable 
(/E), Output Enable (/G) and Write Enable (/W), 14 ad- 
dress inputs (AO -A13), and four Data !/O pins. 

The /E input controls device selection as well as active 
and standby modes. With /E low, the device is selected 
and the 14 address inputs are decoded to selectone 4-bit 
word out of 16,384. Read and Write operations on the 
memorycells are controlled by the/W and/Ginputs. With 
/E high, the device is deselected, the outputs are disabled 
and the power consumption is reduced to less than one- 
fourth of the active mode power with TTL levels and even 
lower with CMOS levels. 


READ CYCLE 


Aread cycle is defined as /W = Vidmin with/E and/G 
< Vitmax. Read access time is measured from the latter 
of either /E or /G going low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while /E 
and /G are low. The outputs remain active throughout 
READ CYCLE 1 and are valid at the specified address 
access time. The address inputs may change at access 
time and long as /E and /G remain low, the cycle time is 
equal tothe address accesstime.  . 

The READ CYCLE 2 waveform shows a read access 
that is initiated bythe latter of /E or /G going low. As long 
as addressis stable when/E goes low, valid data is at the 
outputs at thelatter of specified Chip Enable Access or 
Output Enable Access times. If addressis not valid when 
/E goes low, the timingis as specifiedin READ CYCLE 1. 
Chip Enable access time is not affected by the duration of 
the deselect interval. 
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WRITECYCLE 


The write cycle of the IMS1624 Misinitiated by the latter 
of /E or /W to transition from a high to a low. In the case 
of /W falling last, the output buffers are turned on teLax 
after the falling edge of /E if /Gis already low (justas ina 
read cycle). The output buffers are then turned off within 
twiaz of the falling edge of /W. During this interval it is 
possible to have bus contention between devices with 
common I/O configurations. Therefore input data should 
not be active until twLaz. To aviod bus contention, the /G 
input can be held high throughout the write operation. 


WRITE CYCLE 1 waveform shows awrite cycle termi- 
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of /W. When /W goes high 
at the end of the cycle with /E active, the output of the 
memory becomes active (if /G is low). The data from the 
memory willbe the same as the input data unless the input 
data or address changes. 


WRITE CYCLE 2waveform shows awrite cycle termi- 
nated by /E going high. Data set-up and hold times are 
referenced to the rising edge of /E. With /E high the 
outputs remain in the high impedance state. 


WRITE CYCLE 3 waveform shows a write cycle 
controlled by /W, with /G high and /E low throughout the 
cycle. As the outputs will not become active during this 
operation, maximum data bandwidth is provided by allow- 
ing very short write cycles and eliminating any bus conten- 
tionconsiderations. 


ne ——— 
gaat oe a 


wee ee en OT er ne eee, 


IMS1624M/1624LM 


POWER DISTRIBUTION 


The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1624M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. 

Current transients associated with the operation of any 
high speed device have very high frequency components, 
so line inductanceis the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 microfarad and be placed between each row of de- 
vices inthe array. Alarger capacitor to eliminate low fre- 
quency ripple should be placed near the edge connection 
where the power traces meet the backplane power. The 
larger capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off the 
memory boardandatthe endofa longinductive path. The 
ground grid of the memory array should extend to the TTL 
driver periphery circuit area to provide a solid ground ref- 
erence for the TTL drivers and prevent loss of operating 
margin of the drivers due to differential ground noise. 


TERMINATION 


Trace linesonamemory board in the array look to TTL 
driver signals like low impedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current andusing a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 
dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
resultina different signalimpedance, a resistor of prede- 
termined value may not properly match the signal path 
impedance. The proper value of resistance should there- 
fore be selected empirically. 


DATA RETENTION 6(L version only) (-55°C < Ta s 125°C) 


“Typical data retention parameters at 25°C. 
Note j: Parameter guaranteed but not tested. 


Note k: Supply recovery rate should not exceed 100mV per pS from Vopr to Voc min. 


LOW V cc DATA RETENTION 


DATA RETENTION MODE 


Vcc 
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FIGURE 1. OUTPUT LOAD 
Formed flat-pack 5 0V 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend oe 
PGA 
Small outline, Gull wing solder /O (Dour) 
PLCC, J-bend solder 
Sidebraze ceramic DIP solder 30pF 
Ceramic LCC solder 255Q OPE ANG 
Plastic DIP solder | FIXTURE) 
Sidebraze ceramic DIP gold = — 
(Skinny) Flat-pack solder 
Ceramic LCC gold 
(Skinny) Flat-pack gold 
TRUTH TABLE 


Standard Military Drawing version available, see SMD Reference Guide 


ORDERING INFORMATION 
coe [own | ae 


PART NUMBER 
STANDARD 


IMS 1624M 
IMS1624LM 


CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 


IMS1624S-45M 
IMS1624N-45M 
IMS1624S-55M 
IMS1624N-55M 
IMS1624S-70M 
IMS1624N-70M 


IMS1624LS45M 
IMS1624LN45M 
IMS1624LS55M 
IMS1624LN55M 
IMS1624LS70M 
IMS1624LN70M 


IMS1624M/1624LM 


PACKAGING INFORMATION 


24 Pin Ceramic Dual-In-Line 


L wy 
Al 
‘| Bejj< Bi > el j« Le — Fy —»| 
11 equal spaces @ 
2.54 


0.100 


28 Pin ee nll Carrier 


Bi 


> 


eT 
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FEATURES 


* INMOS' Very High Speed CMOS 

¢ Military Temperature Range (-55°C to 125°C) 

¢ Advanced Process - 1.6 Micron Design Rules 

* 8K x 8 Bit Organization 

* 45, 55 and 70 ns Address Access Times 

¢ 45, 55 and 70 ns Chip Enable Access Times 

¢ Fully TTL Compatible 

¢ Common Data Inputs and Outputs 

« Single +5V + 10% Operation 

¢ Fast Write Cycle when Outputs Disabled 

¢ Standard Military Drawing version available 

* 28 pin DIP, 32 pin LCC (JEDEC Standard) 

* Battery Backup Operation - 2V data retention 
(L version only) 


IMS1630M 


IMS1630LM 
CMOS 


High Performance 
8K x 8 Static RAM 
MIL-STD-883C 


DESCRIPTION 


The IMS1630M is a high speed CMOS 8K x 8 Static 
RAM processed in full compliance to MIL-STD-883C. 

The IMS1630M features fully static operation 
requiring no external clocks or timing strobes, and equal 
address access and cycle times. The IMS1630M 
provides two Chip Enable functions (/E1, E2) to place 
the circuit in a reduced power standby mode. 

The IMS1630LM is a low power version offering 
battery backup data retention operating from a 2 volt 
supply. 

The IMS1630M and IMS1630LM are VLSI Static 
RAMs intended for military applications that demand 
high performance and superior reliability. 


PIN CONFIGURATION 


Ay Ay? NC NC \tc WE 


1 
2 
3 
4 
5 
6 
7 
8 


SX RBRRKRVB 


i PL 
10, 10, Veg NC 10, 10s 10, 


LCC 


November 1989 


LOGIC SYMBOL 


BLOCK DIAGRAM 
Ps Voc 
Ae Vss 
Ay MEMORY ARRAY 
A, 256 ROWS 


256 COLUMNS 


- ie COLUMN VO 
ote te 
ms ral yale RLAALL 
We lies Ao Ay Az Aa, Ato 
TE 

ean 


= 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on any pin relative to Vss......... -2 0 to 7.0V *Stresses greater than those listed under “Absolute Maximum Ratings" 
Voltage on I/O -1.0 to (Vec+0.5)V may cause permanent damage to the device. This is a stress rating 

eek nee So ee ad, ee itl only and functional operation of the device at these or any other 
Temperature Under Bias................ -55° C to 125°C conditions above those indicated in the operational sections of this 
Storage Temperature ................... -65° C to 150°C specification is not implied. Exposure to absolute maximum rating 
Power Dissipation.........ccccccsssscessssescsssssessesesees 1W conditions for extended periods may affect reliability. 


DC Output Current... ccccsesseceesssseceeeees 25mA 


(One output at a tme, one second duration) 


DC OPERATING CONDITIONS 


Supply Voltage 


Input Logic "1" Voltage 


Input Logic "0" Voltage 


“Vi. min = -3.0 volts for pulse width <20ns, note b. 


DC ELECTRICAL CHARACTERISTICS (-55°C ¢ Tas 125°C) (Vcc = 5.0V + 10%)* 


PARAMETER | miN|ax] uns | —=NOTES 


Icc1 Average Vcc Power 


Supply Current 
E> Vin. All other inputs at 


Vcc Power Supply Current 
Icc2 | (Standby, Stable TTL Input Levels) m Vin < Va or: Vie 

Vec Power Supply Current _ A E > (Vcc - 0.2) . All other inputs at 
Icc3_—_| (Standby, Stable CMOS Input Levels) ae, Vin $ 0.2 or 2 (Voc - 0.2V) 


ie 


Vcc = max 
Input Leakage Current (Any Input) +5 | pA Vin = Vss to Vcc 


lILK 
Vcc = max 
JOLK Off State Output Leakage Current || sto] wa Vin = Vss to Vcc 
ee 


tAVAV = tAVAV (min) 


mA 
A 


E 2 (Vcc - 0.2). All other inputs cycling 


Vcc Power Supply Current 
at Vin <¢ 0.2 or 2 (Vcc - 0.2V) 


(Standby, Cycling CMOS Input Levels) 


0.4 V lout = 8mA 


Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded. 
AC TEST CONDITIONS CAPACITANCE? (Ta=25°C, f=1.0MHZ)° 
input Pulse Levels... PARAMETER |MAX|UNITS [CONDITIONS | 
Input Rise and Fall Times | Cw [InputGapacitance | 5 | pF | aV=0to3Vv| 


Note b: This parameter is sampled and not 100% tested. 


Input and Output Timing Reference Levels..1.5V 
Output Load See Figure 1 
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RECOMMENDED AC OPERATING CONDITIONS (-55°C < Ta $ 125°C)(Vec = 5.0V + 10%) 

READ CYCLE? 

| NO.|-5-S¥MBOL __ 
| Standard 


r Alternate | 
al tE1LaV tacs | Chip Enable Access Time 
te2zHav | tacs | Chip Enable Access Time 


1630M-70 


NOTES 


PARAMETER UNITS 


tAVAV C | Read Cycle Time 
tavav 


taxax 


> 


i 
Address Access Time 


Output Enable to Data Valid 
tE1LaXx Chip Enable to Output Active 


HtesHax | iz Chip Enable to Output Active 
Chip Disable to Output Inactive 


O 
< 


<i 


7 


io) 
NIN 


=i 
Ni 


x im 


R 
c 
O 
x 


S) 
R 
ag 
O 
N 


02 
Fewer [10 | chin enable tPoverDown 
eo 


ah 


BEES 
g 


14 
15 
16 


oO 


Note c: For READ CYCLE 1 & 2, Wis high for entire cycle. 
Note d: Device is continuously selected, E1 low, G low and E2 high. 


Note 6: Measured between Vi, max and Vi min. 

Note f: Measured +200mvV from steady state output voltage. Load capacitance is 5pF. 

Note g: E1, E2, Gand W must transition between Vjy to Vi or Vi__ to Vy ina monotonic fashion. 
Note j: Parameter guaranteed but not tested. 


READ CYCLE 1°¢ 


3 tavav 
ADDRESS 
; ae tavav 
vo(oaaow) [—___YYXXXXX—ourrurwa 


READ CYCLE 2° 


3 tvav 


14 teqaccr 
16 fe2ucce 
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RECOMMENDED AC OPERATING CONDITIONS (-55°C < Ta < 125°C) (Vcc = 5.0V +10%) 


WRITE CYCLE 1: W CONTROLLED?" 
Bann PARAMETER 


tAVAV |tWC | Write Cycle Time 


19|twuw Write Pulse Width 
tcw | Chip Enable 1 to End of Write 


mi 
- 
= 
rT | 


i 
[tow | DataHoldatterEndof Wrte | 
i 

i Eo 

i | 0 

cl 

si 


-~ 
m 
nm 
ie Os 
4 


aE 
a a 
He 


Address Setup to End of Write 
tAS | Address Setup to Start of Write 
tWR_ | Address Hold after End of Write 


tWZ | Write Enable to Output Disable 


Output Active After End of Write 


5 
2 
z 


2 


sisisleletsls[sislals|s 
- 
: 
<r 
0 


IMS 


SYMBOL 1630M- 


iwe 
twp 
tE1Le1H tow | ChipEnable ttoEndof Write | 
tow 


70 UNITS | NOTES 


we | Adess Hold aftr End of Wit 
Z 


tWLQZ | tWZ | Write Enable to Output Disable 


= [S [ 
PARAMETER 70 UNITS | NOTES 
Hstan'a | att | ae 


is soa Tw |Past Pe 
iwe [Write Pusewith —————+| aol _{a5| lao] 
tow |DataSet-uptoEndofWrite | 20|_—sf as} [ao] 
wnox [tow [Datatiol Ater Endofwrie | _of | of | of 
iavWh [tow [Address SetuptoEndotwrte | eof | as| [so] 

me 

Bie 


N 


elelalales|sislels|3ls 
oO 


we | 


— 


relma [ton |Adsres Hows AterEnaotwite | of | of | 01 
|45}tavwe | tas | Address Set-up to Startof Write sss | so} =] so] | 


Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF. 

Note g: E1, E2,G and W must transition between Vin to Vit or Vit to Vin in a monotonic fashion. 

Note h: E1, or W must be > Vin or E2 must be < Vit during address transitions. 

Note i: If Wis low when the later of E1 goes low or E2 goes high, the outputs remain in the high impedance state. 
Note j: Parameter guaranteed but not tested. 
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WRITE CYCLE 1 
18 tavay 
20 terLwH 
SIN\\\\\ Sa 7/1/7777 
| 21 teow | 
E2 
cs ae 26 Wax 
W 
22 
town 23 twrox 
VODATAIN) | ata RO 
27 ‘oz 28 twaox. 
I/O (DATA OUT) HIGH IMPEDANCE 
WRITE CYCLE 2 
29 favav 
ADDRESS 
31 fee 
E1 
E2 
1H 
Ww 
33 
toverH 34 tequox 
WODATAIN) [Ava 
38 maz 
1/0 (DATA OUT) HIGH IMPEDANCE 
WRITE CYCLE 3 


39 tavav 


pooress [YSOSOSOSSOSOSCSCY 


43 tawwn 
40 WwiwH 


HL 


42 WwHox 


CM NNNNNNAUNANANNULAY: 


tow 
yowataw) [SSCS TARO XK 
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DEVICE OPERATION 


__ The IMS1630M has four control inputs, Chip Enable 
(E1), Chip Enable 2 (E2), Write Enable (W) and Output 
Enable (G). There are also13 address inputs (AO -A12) 
and eight Data I/O lines (1/0 1 to I/O 8). The Enable inputs 
control device selection as well as active and standby 
modes. The W input controls the mode of operation (Read 
or Write). The G input controls only the state of the eight 
output drivers. _ 

With both E1 low and E2 high, the device is selected 
and the 13 address inputs are decoded to select one 8-bit 
Word out of 8K words. Read and Write operations on the 
memory cells are controlled by the W input. With either E1 
high or E2 low, the device is deselected, the outputs dis- 
abled and the power consumption is reduced to less than 
one-fourth of the active mode power. G serves only to 
control the operation of the output drivers. When Gis high, 
the output drivers are in a high impedance state, indepen- 
dant of the E1, E2 and W inputs. 


READ CYCLE 


A read cycle is defined as W > Vinmin with E1 < Vit max, 
E2 > VIH min and G < VIL max. Read access time is 
measured from the later of either E1 going low, E2 going 
high, valid address, or G going low. 

The READ CYCLE 1 waveform shows a read access 
that is initiated by a change in the address inputs while E1 
is low and E2 is high (with G low). The output remains 
active throughout READ CYCLE 1 and is valid at the 
specified address access time. The address inputs may 
change at access time andthe output remains valid fora 
minimum of tAXQX. As long as E1 remains low and E2 is 
high, the cycle time is equal to the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is initiated by the later of E1 going low, E2 going high 
or Ggoing low. As long as address is stable when the 
later of E1 goes low or E2 goes high, valid data is at the 
output at the later of tE1LQV, tE2HQV or tGLQV. If 
address is not valid when the later of E1 goes low or E2 
goes high, the timing is as specified in READ CYCLE 1. 
Chip Enable access time is not affected by the duration of 
the deselect interval. 7 

The G signal controls the output buffer. G is required to 
be low (along with E1 low and E2 high) in order for I/O1 - 
I/O 8 to be active. 


WRITE CYCLE 


The write cycle of the IMS1630M is initiated by the later of 
E1 or W to transition from a high to a low or E2 transitioning 
from low to high. The G control will remove bus contention 
if held high throughout the duration of the write cycle. If Gis 
low during a W controlled write cycle (Write Cycle 1), the 
output buffer willbe turned on by the later of tE1LQxX afterthe 
falling edge of E1 or tE2HQxX after the rising edge of E2. The 
output buffer is then turned off within tWLQZ of the falling 
edge of 


W. During this interval, it is possible to have bus conten- 
tion between devices with common input/output connec- 
tions. Therefore the recommended mode of operationis to 
keep G high during the write cycle. During a write cycle, 
data on the inputs is written into the selected cells and the 
outputs are floating. 

For any write cycle, tAVWL, tAVE1L, or tAVE2H must 
be met, depending on whether E1, E2 or W is the last to 
transition. After either W or E1 goes high or E2 goes low 
to terminate the write cycle, addresses may change. If 
address set-up and hold times are not met, contents of 
other cells may be altered in unpredictable ways. The 
fidelity of the W control signal is very important. Excessive 
ringing on high to low transitions may cause signals to rise 
above VIL max, violating the minimum W pulse width 
specification - tWLWH. 

WRITE CYCLE 1 waveform shows a write cycle termi- 
nated by W going high. Data set-up and hold times are 
referenced to the rising edge of W. When W goes high 
while E1 is low and E2 is high, the outputs remain in a high 
impedance state (unless G is low). If G is low when W 
goes high at the end of a write cycle the data read fromthe 
memory will be the same as the data just written into the 
memory. Thus, no data bus contention will occur. 

WRITE CYCLE 2 waveform shows a write cycle termi- 


" nated by the later E1 going high or E2 going low. Data set- 


2 


. upandhold times are referenced to the later of the rising 


edge of E1 or the falling edge of E2. With either E1 high 


or E2 low the outputs remain in the high impedance state. 


When using WRITE CYCLE 1 proper management of 
the G control signal will avoid bus contention. If G is low 
when W goes high (with E1 low and E2 high) the output 
buffers will be active tWHQx after the rising edge of W. 
Data out will be the same as the data just written, unless 
the address changes. If input data from the previous cycle 
is still valid after the address changes, contention may 
result. Contention may also result if the device is selected 
(E1 low, E2 high, G low) before W goes low and input data 
is valid early in the cycle. The recommended mode of 
onerationis to keep G high except when reading data from 
the device, thus avoiding bus contention. 


TTL VS. CMOS INPUTLEVELS 


The INMOS 1630M is fully compatible with TTL input 
levels. The input circuitry of the IMS1630M is designed for 
maximum speed and also for conversion of TTL level 
signals to the CMOS levels required for internal operation. 
The IMS1630M consumes less power when CMOS levels 
are used instead of TTL levels. The lower CMOS Icc 
specifications (Icc3 and Icc4) may be achieved by using 
CMOS levels. The power consumption will be lower at 
typical TTL levels than at the worst case levels. 
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POWER DISTRIBUTION 

The recommended power distribution scheme com- 
bines proper power trace layout and placement of decou- 
pling capacitors to maintain the operating margins of the 
IMS1630M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. The impedance 
of this path is determined by the series impedance of the 
power line inductance and the inductance and reactance 
of the decoupling capacitor. 

Current transients associated with the operation of any 
high speed device have very highfrequency components, 
so line inductance is the dominating factor. To reduce the 
line inductance, the power trace and ground trace should 
be gridded or provided by separate power planes. The 
decoupling capacitor supplies energy for high frequency 
current transients and should be located as close to the 
devices with as short lead length as possible. The high 
frequency decoupling capacitor should have a value of 
0.1 uF and be placed between each row of devices in the 
array. A larger tantalum capacitor of a sufficient value to 
eliminate low frequency ripple, should be placed near the 
memory board edge connection where the power traces 
meet the backplane power distribution system. These 
larger capacitors provide bulk energy storage to prevent 
voltage drop due to the main supply being located off the 
memory board and atthe endofa long inductive path. The 
ground grid of the memory array should extend to the TTL 
driver periphery circuit area. This will provide a solid 
ground reference for the drivers and prevent loss of 
operating margin due to differential ground noise. 


DATA RETENTION (L version only) (-55°C < TA < 125°C) 


IMS1630M/1630LM 


TERMINATION 

Trace lines ona memory board inthe array look to TTL 
driver signals like low impedance, unterminated transmis- 
sion lines. In order to reduce or eliminate the reflections 
of the TTL signals propagating down the lines, especially 
low going TTL signals, line termination is recommended. 
The termination may be either series or parallel. 

The recommended technique is to use series termina- 
tion. The series termination technique has the advantage 
of drawing no DC current and using a minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TTL driver to 
dampen the reflection on the line. The resistor should be 
placed as close to the driver package as is practical. The 
line should be kept short by placing the driver-termination 
combination close to the memory array. 

Some experimentation will have to be done to find the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 10 to 33 
ohm range will be required. Because each design will 
result in a different signal impedance, a resistor of prede- 
termined value may not properly match the signal path 
impedance. The proper value of resistance should there- 
fore be selected empirically. A resistor of predetermined 
value may not properly terminate the transmission line. 

Proper power distribution techniques, including ade- 
quate use of decoupling capacitors, and proper termina- 
tion of TTL drive outputs are some of the most important 
yet basic guidelines that need to be followed when design- 
ing and building a memory board. The guidelines are 
intended to maintain the operating margins of all devices 
on the memory board by providing a quiet environment 
free of noise spikes, undershoot, and excessive ringing. It 
is wise to verify signal fidelity by observation utilising a 
wideband oscilloscope and probe. 


Vin < 0.2V or = (Voc -0.2V) E 2(Vec -0.2V) 
1200 Vcc = 3.0 volts 


Vcc = 2.0 volts . 


j,k 


* Typical data retention parameters at 25 °C 
Note j: Parameter guaranteed but not tested 


(tao = Read Cycle Time) 


Note k: Supply recovery rate should not exceed 100mV peri0us from VpRto Voc min 


Vcc 


Data Retention Mode 
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FIGURE 1. OUTPUT LOAD 
Formed flat-pack 
5.0V 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 48022 
PGA 
Small outline, Gull wing VO 
PLCC, J-bend 
Sidebraze ceramic DIP care TRC HUBING 
Ceramic LCC 
Plastic DIP Lee 


<SAMNVZXACLIOMIVION>D> 


Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 

(Skinny) Flat-pack 


Standard Military Drawing version available, see SMD Reference Guide 


ORDERING INFORMATION 


PART NUMBER 
DEVICE PACKAGE 
Low POWER 


IMS 1630M 
IMS1630LM 


CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 
CERAMIC DIP 
CERAMIC LCC 


IMS1630S-45M 
IMS1630N-45M 
IMS1630S-55M 
IMS1630N-55M 
IMS1630S-70M 
IMS1630N-70M 


IMS1630LS45M 
IMS1630LN45M 
IMS1630LS55M 
IMS1630LN55M 
IMS1630LS70M 
IMS1630LN70M 


IMS1630M/1630LM 


PACKAGING INFORMATION 
28 Pin Ceramic Dual-In-Line 


Y 
A B> |< Bi , e1 j~<« 
«——— —— 13 equal spaces @ naar 
2.54 


0.100 
32 Pin mc ae Carrier 
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rl! a oe =o 
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IMS 1605M: 
IMS 1625M: 


IMS 1629M: 
IMS 1626/7M: 
IMS 1635M: 
IMS 1695M: 


64K x 1 
16K x4 
16K x 4 with Output Enable 
16K x 4 with Separate I/Os 
8K x 8 
8K x9 


Advance Information 
FEATURES 


Advanced Process-1.2 Micron Design Rules 
64K Bit Devices 

20, 25, and 35ns Address Access Times 

20, 25 and 35 ns Chip Enable Access Times 
Fully TTL Compatible 

Single +5V + 10% Operation 


10pA typical at 25°C 
Packages include: DIP and LCC 


64K x 1 


INMOS' Very High Speed Double Metal CMOS 


Battery Backup Operation - 2V Data Retention, 


IMS16X5M series 
High Performance 


Memory 


Products 


MIL-STD-833C 


The INMVOS_ IMS16X5M series are high speed ad- 


DESCRIPTION 


vanced 64K double layer metal CMOS Static RAMs. 


The range features fully static operation requiring no 
external clocks or timing strobes, with equal access and 
cycle times. Achip enable function (E) that canbe used to 
place the device into a low-power standby mode is avail- 
able onallorganisations. The 8K x 8 organisations provide 
an additional Chip Enable for reduced low-power standby 
mode. Output Enable (G) is an enhancement on organisa- 
tions requiring fast access todataand enhanced bus con- 
tention control. The 16x5M series are intended for military 
applications that demand high performance and superior 


reliability. 


16K x 4 (Separate Inputs and Outputs) 


MEMORY ARRAY 
128 ROWS 
512 COLUMNS 


D COLUMN 1/0 CIRCUITS Q 
COLUMN SELECT 


mi 


=| 


MEMORY ARRAY 
128 ROWS 
512 COLUMNS 


With Output Enable 
ersion 


W- 
TC — 
G4 
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PIN NAMES 


Vcc 
Vss 


MEMORY ARRAY 


512 COLUMNS 


D = al ZH = COLUMN VO 
LW WW he 
| Wy 


1 MAN 

| {79S} [COLUMN SELECT | 5 

ee AW ie i 

4 fees nee wa 
A7 A13 =F Q, 


High impedance output 
during write mode 

HES warm 

We Hee 1627 only 

G a= 


gil parca 
| a {Outputs track inputs 


Be ee _! during write mode 
8K x8/8K x9 
AO 


MEMORY ARRAY 
512 COLUMNS 


410373S MOY 


Og 
VOg - 


Extra /O on x9 
Versions 
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EERE \ 
ERR Eee 
EER EERE 
HEEEEEEE 
EERE EEE 
Tt 
Ltt | § 
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FEATURES 


¢ INMOS' Very High Speed CMOS 

« Advanced Process - 1.2 Micron Design Rules 
° 256K x 1 Bit Organization 

¢ 30,35 and 45 ns Address Access Times 

¢ 30,35 and 45 ns Chip Enable Access Times 
¢ Fully TTL Compatible 

¢ Separate Data Input and Outputs 

¢ Three-state Output 

¢ 24 Pin 300-mil DIP and 28 Pin LCC 

« Single +5V + 10% Operation 

¢ Power Down Function 


IMS1800M CMOS 
High Performance 


256K x 1 Static RAM 
MIL-STD-883C 


Advance Information 


DESCRIPTION 


The INMOS IMS1800M is a high performance 256Kx1 
CMOS Static RAM. The IMS1800M provides maximum 
density and speed enhancements with the additional 
benefits of lower power and superior reliability. 

The IMS1800M features fully static operation requiring 
no external clocks or timing strobes, with equal access 
and cycle times. Additionally, the IMS1800M provides a 
Chip Enable function (E) that can be used to place the 
device into a low power standby mode. 

The IMS1800M is a high speed VLSI RAM intended for 
military applications which require high performance and 
superior reliability. 
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FEATURES 


¢ INMOS' Very High Speed CMOS 

« Advanced Process - 1.2 Micron Design Rules 
° 64K x 4 Bit Organization 

¢ 30,35 and 45 ns Address Access Times 

¢ 30,35 and 45 ns Chip Enable Access Times 
¢ Fully TTL Compatible 

* Common Data Input and Outputs 

¢ Three-state Output 

¢ 24 Pin 300-mil DIP and 28 Pin LCC 

¢ Single +5V + 10% Operation 

¢- Power Down Function 
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LOGIC SYMBOL 


SERBAE SEAT 


IMS1820M CMOS 
High Performance 


64K x 4 Static RAM 


MIL-STD-883C 


Advance Information 


DESCRIPTION 


The INMOS IMS1820M is a high performance 64Kx4 
CMOS Static RAM. The IMS1820M allows speed en- 
hancements to existing 64K x 4 applications with the 
additional benefit of reduced power consumption . 

The IMS1820M features fully static operation requiring 
no external clocks or timing strobes, with equal access 
and cycle times. Additionally, the IMS1820M provides a 
Chip Enable function (/E) that can be used to place the 
device into a low power standby mode. 

The IMS1820M is a high speed VLSI RAM intended 
for military applications which require high performance 
and superior reliability. 
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NOTES 


NOTES 


SALES OFFICES 


AUSTRALIA 


NSW 2027.EDGECLIFF 
Suite 211, Edgecliff centre 


203-233, New South Head Road 


Tel. (61-2) 327 39.22 
Telex: 071 126911 TCAUS 
Telefax. (61-2) 327.61.76 


BRAZIL 
05413 SAO PAULO 


R. Henrique Schaumann 286-CJ33 


Tel. (55-11) 883-5455 


Telex: (391)11-37988 "UMBR BR" 


CANADA 


BRAMPTON, ONTARIO 
341 Main St. North 

Tel. (416) 455-0505 
Telefax: 416-455-2606 


CHINA 
BEIJING 


Beijing No. 5 Semiconductor 


Device Factory 

14 Wu Lu Tong Road 
Da Shang Mau Wai 
Tel. (861) 2024378 
Telex 222722 STM CH 


DENMARK 


2730 HERLEV 

Herlev Torv, 4 

Tel. (45-42) 94.85.33 
Telex: 35411 

Telefax: (45-42) 948694 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallieni - BP. 93 
Tel.: (33-1) 47.40.75 75 
Telex: 632570 STMHQ 
Telefax: (33-1) 47.40.79.10 


67000 STRASBOURG 
20, Place des Halles 
Tel. (33) 88.75.50.66 
Telex: 870001F 

Telefax: (33) 88.22 29 32 


HONG KONG 
WANCHAI 


22nd Floor - Hopewell centre 


183 Queen's Road East 
Tel. (852-5) 8615788 
Telex: 60955 ESGIES HX 
Telefax: (852-5) 8656589 


‘INDIA 


NEW DELHI 110001 
Liason Office 

62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 

Tel 3715191 

Telex: 031-66816 STMI IN 
Telefax: 3715192 


ITALY 
20090 ASSAGO (MI) 


V.le Milanofiori - Strada 4 - Palazzo A/4/A 


Tel. (39-2) 89213.1 (10 linee) 
Telex: 330131 - 330141 SGSAGR 
Telefax: (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
Via R. Fucini, 12 

Tel. (39- ee 

Telex. 5124 

Telefax: (39- 4) 591305 


00161 ROMA 

Via A. Torlonia, 15 

Tel. (39-6) 8443341 
Telex: 620653 SGSATE | 
Telefax: (39-6) 8444474 


JAPAN 


TOKYO 108 

Nisseki - Takanawa Bid. 4F 
2-18-10 Takanawa 
Minato-Ku 

Tel. (81-3) 280-4121 
Telefax: (81-3) 280-4131 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang -Nam-Gu 

Tel. (82-2) 552-0399 
Telex: SGSKOR K29998 
Telefax: (82-2) 552-1051 


NETHERLANDS 


5612 AM EINDHOVEN 
Dillenburgstraat 25 
Tel.: ee) 550015 
Telex: 5 

Telefax (140) 528835 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel. (65) 4821411 

Telex: RS 55201 ESGIES 

Telefax. (65) 4820240 


SPAIN 


08021 BARCELONA 

Calle Platon, 6 4"" Floor, 5" Door 
Tel. (34-3) 4143300-4143361 
Telefax: (34-3) 2021461 


28027 MADRID 

Calle Albacete, 5 

Tel. (34-1) 4051615 
Telex: 27060 TCCEE 
Telefax: (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel.: (46-8) 7939220 

Telex. 12078 THSWS 

Telefax: (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 
Tel. (41-22) 7986462 

Telex: 415493 STM CH 

Telefax: (41-22) 7984869 


TAIWAN 


TAIPEI 

12th Floor 

571, Tun Hua South Road 
Tel. (886-2) 755-4111 
Telex: 10310 ESGIE TW 
Telefax: (886-2) 755-4008 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel.: (44-628) 890800 
Telex: 847458 

Telefax: (44-628) 890391 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 

Phoenix, AZ 85022-2699 
(1)-(602) 867-6100 


SALES COVERAGE BY STATE 


ALABAMA 
Huntsville - (205) 533-5995 


ARIZONA 
Phoenix - (602) 867-6340 


CALIFORNIA 
Santa Anna - (714) 957-6081 
San Jose - (408) 452-8585 


COLORADO 
Boulder (303) 449-9000 


ILLINOIS 
Schaumburg - (708) 517-1890 


INDIANA 
Kokomo - (317) 459-4700 


MASSACHUSETTS 
Waltham - (617) 259-0300 


MICHIGAN 
Livonia - (313) 462-4030 


BUSINESS CENTRE ADDRESSES 


NEW JERSEY 
Voorhees - (609) 772-6222 


NEW YORK 
Poughkeepsie - (914) 454-8813 


NORTH CAROLINA 
Raleigh - (919) 787-6555 


TEXAS 
Carrollton - (214) 466-8844 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICES IN THE U.S.A. 


CALIFORNIA 
Hawthorne - (213) 675-0742 


' NEW JERSEY 


Totowa - (201) 890-0884 


PENNSYLVANIA 
Montgomeryville - (215) 362-8500 


TEXAS 
Carrollton - (214) 466-8844 


SALES OFFICES 


WEST GERMANY 


6000 FRANKFURT 
Gutleutstrabe 322 

Tel. (49-69) 237492 
Telex: 176997 689 
Telefax: (49-69) 231957 
Teletex: 6997689=STVBP 


8011 GRASBRUNN 
Bretonischer Ring 4 
Neukeferloh Technopark 
Tel.: (49-89) 460060 : 
Telex: 528211 

Telefax: (49-89) 4605454 
Teletex: 897107=STDISTR 


3000 HANNOVER 1 
Eckenerstrasse 5 

Tel. (49-511) 634191 
Telex 175118418 
Teletex: 5118418 csfbeh 
Telefax: (49-511) 633552 


8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 597032 
Telex: 626243 

Telefax: (49-911) 5980701 


5200 SIEGBURG 
Frankfurter Str. 22a 

Tel. (49-2241) 660 84-86 
Telex: 889510 

Telefax: (49-2241) 67584 


7000 STUTTGART 

Oberer Kirchhaldenweg 135 
Tel. (49-711) 692041 

Telex: 721718 

Telefax: (49-711) 691408 


1000 Aztec West, Almondsbury, Avon BS12 4SQ, UK Tel. (0454) 616616 Fax: (0454) 617910 Tix: 444723 
Planar House, Parkway Globe Park, Marlow Bucks SL7 IYL, UK Tel: (0628) 890800 Fax: (0628) 890391TIx: 847458 
PO Box 16000, Colorado Springs, CO 80935-6000, USA Tel: (719) 630 4000 Fax: (719) 630 4325 Tix: Easylink 62944936 


1000 East Bell Road, Phoenix, AZ 85022, USA Tel: (602) 867 6100 Fax: (602) 867 6102 Tix: 249976 

Five Burlington Woods Drive, Suite 210, Burlington, Massachussetts 01803, USA Tel: (617) 229 2550 Fax: (617) 229 6010 Tix: Easylink 62934544 
9861 Broken Land Parkway, Suite 320, Columbia, Maryland 21045, USA Tel: (301)995 6952 Fax: (301) 290 7047 Tix: Easylink 62034521 

200 East Sandpointe, Suite 650, Santa Ana, California 92707, USA Tel: (714)957 6018 Fax: (714) 957 3281 Tlx: Easylink 62034531 

2620 Augustine Drive, Suite 100, Santa Clara, California 95054 USA, Tel:(408) 727 7771 Fax: (408) 7271458 Tix: Easylink 62203010 

1310 Electronics Drive, Carrolton, Texas 75006, USA Tel:(214) 466 8844 Fax: (214) 7352 

7 Avenue Gallieni, BP 93, 94253 Gentilly Cedex, France Tel: (1) 47 40 75 75 Fax: "} 47 40 79 10 Tlx: 632570 

Bretonischer Ring 4, 8011 Grasbrunn, West Germany Tel: (089) 460060 Fax: (089) 460 54 54 Tix: 528211 

Nisseki Takanawa Building, 4th Floor, 18-10 Takanawa 2-chome, Minato-ku, Tokyo 108, Japan Tel(03) 280 4125 Telefax: (03) 280 4131 

28 Ang Mo Kio Industrial Park 2, Singapore 2056, Tel: (65) 482 14 11 Fax: (65) 482 02 40 Tix. 55201 


Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsability for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may results from its use. No 
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all informations previously supplied. 
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